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FINAL REPORT 
NOAA GRANT: NA80AA-D-00059 
SUMMARY OF ACTIVITIES 
The activities carried out under grant NA80AA-D-00059, from the National 
Oceanic and Atmospheric Administration fell into two general categories: 
(a) Modification of the CHILL radar facility to accommodate data 
formatting strategies identified for NEXRAD 
(b) Operation of the CHILL radar in a 360º volume scan mode, when 
possible, during projects funded from other sources during 1980-
1981, and maintenance of a detailed log for these operations. 
EQUIPMENT MODIFICATION 
A number of modifications to the CHILL system have been made to make it 
more compatible with the intended NEXRAD data collection, and increase its 
usefulness in providing a data base for development of analysis algorithms. 
The major modification has been the extensive changes in the processor 
necessary to provide "batch" processing. In the batch processing, velocity 
and spectral width estimates are made using one pulse repetition frequency 
while the reflectivity data is gathered with a different pulse repetition 
frequency. Using this system it is possible to obtain larger unambiguous 
reflectivity range. This modification required major changes in the memory 
storage techniques used in the radar processor. 
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The second major modification made to the CHILL system was the addition 
of a second tape recorder so that data could be reformatted into the Universal 
Exchange format. The interfacing of this tape drive and programming not only 
allows the tape reformatting necessary to exchange data, but has also permitted 
the replay of data through the display system. This is an excellent means of 
insuring data quality on the recorded tapes. Many of the recording errors 
that previously went undetected for long periods of time are now noticeable 
immediately after data collection thus permitting expeditious correction of 
equipment malfunction. 
Additionally, there have been modifications to the processor hardware 
to provide a more accurate estimate of the width of the Doppler spectrum. 
DATA COLLECTION 
During 1980 and 1981 the CHILL radar participated in field projects during 
which data were collected which are of interest to the NEXRAD research and 
development effort. One of these projects took place during December of 1980 
and January of 1981 in western Michigan, under a subcontract with the 
University of Chicago. The objectives of the Chicago research were the study 
of winter storms and the effect of Lake Michigan on the development of snow 
showers. The second project was a cooperative program (CCOPE), to study the 
development of convective storms in the high plains. The CHILL participated 
in the field experiment in the latter from April to August of 1981, under a 
contract with the Bureau of Reclamation. 
During both of these programs the CHILL was a key member of a multiple 
Doppler array, and the mode of operations was usually dictated by the project 
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requirements. On those occasions when it was not involved in the core ex-
periment and/or multiple Doppler operations and there was precipitating 
weather, the CHILL did 360º volume scans, similiar to those which are being 
proposed for the future radar network. There are moreover additional periods 
of full volume scans during the winter of 1980-81, since this was one of the 
experimental scan modes. Detailed logs of the operations in both programs 
are given in the Tables 1-3. Summaries of the weather and operations for 
each day on which the CHILL collected data in Montana and Michigan are given 
in Appendix A and Appendix B respectively. 
In Table 1 is listed the kind of operations for each day on which data 
were collected in Montana. The notation "CCOPE" indicates that the radar was 
being operated as specified by the field director for the core experiment; 
the notation NEXRAD indicates that the CHILL scanned in a 360º , full-volume 
scan mode. Table 2a is a more detailed log of the scan mode and echo charac-
teristics during periods when the NEXRAD surveillance mode was implemented, 
and comments regarding special weather occurrences and/or data quality are 
given in Table 2b. During periods of most active convection and severe weather 
the CHILL was usually involved in the core program, and volume scanning a 
sector. However there were four instances of severe hail and wind storms 
for which the CHILL collected data over the whole storm for two or more hours. 
Since very little Doppler data exists for severe storms in the High Plains of 
the U. S., these cases may be useful for examining the transferability of the 
algorithms being developed even though only a sector of the total volume was 
being scanned. These storms occurred on July 11, August 1, 2, and 4. 
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A summary log of the operations during the winter Michigan CHILL operations 
in Western Michigan during the. winter of 1980-81 is given in Table 3. As can 
be seen the CHILL was frequently sector scanning. Since the objectives of the 
Project was to study the lake-effect storms, the sector scanned was often 
adjusted to follow the storms. On at least two days (December 2, 1980 and 
January 6, 1981) the precipitation was dominated by a strong cyclonic system. 
A particularly interesting lake-induced snow occurred on 16 January. 
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Table 1: Daily Log of CHILL Ac t i v i t i es in Montana, 
May 18-August 6, 1981 
May 18 No Operations 
19 Maintenance - Elevation Gear Box Failure - No Data Recorded 
20 No Operations 
21 Operational - CCOPE - 2 Tapes, Record Time 1h 20 m 
22 Operational - CCOPE - 3 Tapes, Record Time 2h 20 m 
23-24 No Operations 
25 
26 
Operational -
No Operations 
CCOPE - 2 Tapes, Record Time 2h 30 m 
27 Operational - NEXRAD - 5 Tapes, Record Time 5h 45 m 
28 Operational - CCOPE - 1 Tape, Record Time 12 m 
29-31 No Operations 
June l Operational - CCOPE - 4 Tapes, Record Time 4h 54 m 
2 No Data Collection - Sphere Calibration Performed 
3 No Operations 
4 Operational - CCOPE - 1 Tape, Record Time 35 m 
5 Operational - CCOPE (CHAFF DUMP) - 2 Tapes, Record Time 1h 30 m 
6 Operational - NEXRAD 
CCOPE -
- 2 Tapes, Record Time 1h 50 m 
1 Tape, Record Time 55 m 
7 
8 
Operational -
No Operations 
NEXRAD - 2 Tapes, Record Time 2h 
9 Operational - CCOPE -
(NEXRAD 
5 Tapes, Record Time 6 hr 15 m 
DATA COLLECTED FOR SHORT TIME PERIODS) 
10 Operational - CCOPE - 1 Tape, Record Time 40 m 
11 Operational - NEXRAD 
CCOPE -
- 5 Tapes, Record Time 5h 5 m 
3 Tapes, Record Time 50 m 
12 Operational - NEXRAD 
CCOPE -
- 6 Tapes, Record Time 2h 45 m 
4 Tapes, Record Time 3 hr 
13 
14 
Operational -
No Operations 
CCOPE - 2 Tapes, Record Time 1h 50 m 
15 Operational - NEXRAD - 4 Tapes, Record Time 3h 40 m 
16 Operational - CCOPE (Clear Air) - 1 Tape, Record Time 1hr 55 m 
17 Operational - NEXRAD 
CCOPE -
NEXRAD 
- 3 Tapes, Record Time 2h 12 m 
1 Tape, Record Time 1h 20 m 
- 3 Tapes, Record Time 1h 12 m 
18 Operational - CCOPE - 1 Tape, Record Time 1hr 30 m 
19 Operational - CCOPE - 4 Tapes, Record Time 2h 40 m 
20 Operational - CCOPE - 4 Tapes, Record Time 4h 45 m 
21 Operational - CCOPE (Clear Air) - 1 Tape, Record Time 35 m 
22 No Operations 
23 Operational - CCOPE - 3 Tapes, Record Time 3h 20 m 
24-25 No Operations 
26 Operational - CCOPE - 1 Tape, Record Time 30 m 
27 Operational - NEXRAD - 3 Tapes, Record Time 3h 35 m 
28 Operational - CCOPE - 3 Tapes, Record Time 3h 35 m 
29-30 No Operations 
July 1 Operational - CCOPE - 3 Tapes, Record Time lh 35 m 
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1 (continued) 
2-5 No Operations 
6 All Radars Involved in an Azimuth-Elevation Test - 1 Tape 
7 Operational - CCOPE - 2 Tapes, Record Time 2h 45 m 
8-9 No Operations 
10 Operational - NEXRAD - 3 Tapes , Record Time 2h 25 m 
CCOPE - 2 Tapes, Record Time 2h 10 m 
NEXRAD - 1 Tape, Record Time 37 m 
11 Operational - CCOPE - 6 Tapes, Record Time 4h 55 m 
12 Operational - CCOPE - 4 Tapes, Record Time 4h 10 m 
13-15 No Operations 
16 Operational - CCOPE - 4 Tapes, Record Time 3h 45 m 
17 Operational - CCOPE - 5 Tapes, Record Time 2h 50 m 
18 No Operations 
19 Operational - CCOPE - 6 Tapes, Record Time 8h 05 m 
20 No Operations 
21 Operational - NEXRAD - 1 Tape, Record Time lh 25 m 
CCOPE - 2 Tapes, Record Time lh 20 m 
NEXRAD - 1 Tape, Record Time lh 
CCOPE - 1 Tape, Record Time lh 10 m 
22 Operational - NEXRAD - 1 Tape, Record Time 40 m 
CCOPE - 1 Tape, Record Time 40 m 
NEXRAD - 2 Tapes , Record Time lh 40 m 
CCOPE - 4 Tapes, Record Time 2h 20 m 
23 Operational - CCOPE - 5 Tapes, Record Time 5h 
24 No Operations 
25 Operational - CCOPE (CHAFF) - 1 Tape, Record Time lh 50 m 
26-27 No Operations 
28 Operational - CCOPE - 3 Tapes, Record Time lh 47 m 
29 Operational - CCOPE - 2 Tapes, Record Time lh 25 m 
30-31 No Operations 
August 1 Operational - CCOPE - 7 Tapes, Record Time 5h 55 m 
2 Operational - CCOPE - 7 Tapes, Record Time 4h 55 m 
3 Mo Operations 
4 Operational - CCOPE - 6 Tapes, Record Time 6h 40 m 
5 Operational - CCOPE - 2 Tapes, Record Time 1h 10 m 
6 Operational - CCOPE - 2 Tapes, Record Time 2h 55 m 
Table 2(a). Log of CHILL operations during periods when data were being collected for the NEXRAD 
data-base. The scan mode was 360° in azimuth with elevation intervals (A) increased 
at higher elevations, e.g., (.5, 2.5, 8.5; .5, 2) indicates 0.5° intervals from 0.5° 
to 2.5° elevation, and 2° intervals from 2.5 to 8.5° elevation. 
SCAN MODES VOL. 
TAPE DATE 
May 
TIME(LDT) 
Az. 
(os-1) 
E l e v . 
l o , h i ;  
(deg) 
SCAN 
TIME 
(min) 
CYCLE 
TIME 
(min) dBZ 
MAXIMUM REFLECTIVITY 
Az ( ° ) /Range (km) Time 
CRITERIA(1) 
A B 
1MT 08 27 0902-1025 8 ( 4 , 5 . 5 ; 1 ) 4.9 4.9 40 240/85 0951 N N 
HIT 09 27 1025-1045 40 230/85 to 265/40 1030 N N 
1046-1147 5 40 235/80 to 265/20 1105 N N 
1MT 10 27 1200-1309 8 ( . 5 , 2 . 5 , 8 . 5 ; . 5 , 2 ) 4 30 SSE OF CHILL 1200 N N 
1MT 11 27 1309-1422 16.3 ( . 5 , 2 . 5 , 8 . 5 ; . 5 , 2 ) 2.9 35 80/50 1404 N N 
1MT 12 27 
June 
1424-1645 35 70 /75 ,300 /100 1500,1536 N N 
1MT 19 6 1000-1010 12 ( . 3 , 8 . 3 ; 1 ) 4.5 5 - -- -- - -
1011-1030 12 ( . 3 , 3 . 3 , 6 . 3 , 1 5 . 3 ; 1 , 3 ) 4 43 120/25 1015 Y N 
1MT 20 6 1032-1510 - -- -- N N 
1MT 21 7 0830-0920 12 (0,8.6;1) 4.5 4.5 53 90/40-100 0900 Y N 
1MT 22 7 0920-1034 43 110/80 0930 Y N 
1MT 29 11 0830-0847 12 ( .1 ,9.3;1) 5.1 5.1 40 255/40 to 290/60 0840 N N 
1MT 30 11 0848-0852 - 110/100 0852 - -
0853-0929 6 45 290/40 0910 Y N 
1MT 31 11 0929-1014 37 255/120 to 360/40 0934 N N 
1MT 32 11 1015-1102 35 OVERHEAD 1040 N N 
1MT 33 11 1102-1118 5.1 - -- -- N N 
1119-1153 6 40 80/95 1136 N N 
1MT 48 15 1328-1338 - -- -- - -
1339-1434 12 (0,7.5;1) 4 4 40 125/90 1418 N N 
1MT 49 15 1434-1518 35 NUMEROUS LOCALES N N 
1MT 50 15 1520-1540 4 40 170/50 1534 N N 
1541-1638 20 40 160/95 1615 N N 
1MT 51 15 1639-1642 - -- -- N N 
1MT 52 17 1115-1121 12 ( .2 ,9.3;1) 5 6 - -- -- - -
1122-1202 12 ( .2 ,6 .3 ,14.3;1,2) 5.5 45 150/40 to 140/80 1152 Y N 
1MT 53 17 1204-1246 45 150/60 to 130/80 1224 Y N 
1MT 54 17 1246-1332 40 140/70 1305 N N 
1MT 55 17 1333-1347 N N 
1MT 56 17 1717-1739 18 ( .4 ,9.5;1) 3.3 3.3 45 110/110 1718 Y N 
Tabic 2A (Continued) 
1 Cr i te r ion A: Rain rate > 2 cm/hr (max dBZ > 43) 
Cr i te r ion B: Re f l ec t i v i t y > 55 dBZ 
Table 2b. B r i e f comments on i n t e r e s t i n g echo fea tu res and on data q u a l i t y . 
TAPES DATE 
May 
27 
UNUSUAL EVENTS/SPECIAL DATA/EVOLUTION 
OF SEVERE WEATHER? REMARKS CONCERNING QUALITY OF DATA 
1MT 08-1MT 12 - in teres t ing ant icyclonic pattern in 
ve loc i ty f i e l d (Tapes 08 and 09) 
- data looks bad from 1200 to 1216 (Tape 10) 
- some CCW recording took place (Tape 11) 
1MT 19-1MT 20 
June 
6 - data noisy during morning operations 
1MT 21-1MT 22 7 - maximum dBZ at surface = 43, but 
dBZ to 53 were noted at higher 
elevation angles (Tape 21) 
- data noisy from 0940-1034 (Tape 22) 
1MT 29-1MT 33 11 - wrong color f i e l d is displayed for a 
short period of time (Tape 29) 
1MT 48-1MT 51 15 - some data displayed in NW rather than 
SE quadrant at 1405 - stuck b i t problem, 
and it occurs o f f and on ( to end of 
tape 48) 
1MT 52-1MT 58 17 - decent l i ne of echoes existed across 
the Doppler network - maximum dBZ to 
45 (Tape 52) 
- 1318-1332-echoes appear weaker than they 
actual ly were-processor problem (Tape 54) 
1MT 71-1MT 73 27 - bad clock-times not correct (Tape 71) 
- 4 -b i t stuck-clock 4 hours fast from 
1004 on (Tape 72 and 73) 
1MT 81-1MT 85 
July 
10 - f ine line echo extended from 285°/ 
74 km to 308°/67 km at 0854 
- highly e l e c t r i f i e d storm passed over 
the Doppler network 
- date wrong on tapes 81-85 - should be 
7/10 instead of 7/8 
Table 2B (Continued) 
TAPES DATE 
J u l y 
UNUSUAL EVENTS/SPECIAL DATA/EVOLUTION 
OF SEVERE WEATHER? REMARKS CONCERNING QUALITY OF DATA 
1MT111-1MT113 21 - mammatus clouds over network-cloud 
tops to 33 k Ft at 1414 
- sector scans from 1414-1604 as a 
ce l l south of CHILL in tens i f i ed 
- strong second t r i p echo in SE 
quadrant near echoes of in teres t 
- dBZ to 55 noted to NW of CHILL 
1MT114-1MT115 22 - several c e l l s produced ha i l -dBZ 
to 55 no ted , e s p e c i a l l y WSW of CHILL 
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Table 3a. Log of CHILL operations in Muskegon, Michigan. 
Date Time (EST) 
1318-1326 
1327-1420 
1421-1600 
Data Col lect ion Mode (see Table 3b for fur ther explanation) 
12/ 2/80 SECTOR SCAN 160°-300°, SCAN MODE 1, with occasional RHI's 
Pulse pair on with RHI's un t i l 1354, then new elevation 
scans-back to dual-doppler mode 
SECTOR SCAN 1200-180°, with occasional RHI's 
12/ 3/80 0849-1056 SECTOR SCAN 180°-310°, 1/4° increments to 3° with increasing 
elevat ion (Ef ranged from 3° to 8.3° during period) 
12/ 5/80 0616-0726 Surveil lance mode only (360° scan) 
12/ 8/80 0638-1436 SCAN MODE 4 ( a l l 1° increments, and E f=5.1°) -360 SECTOR 
SCAN with some RHI's 
12/ 9/80 0600-0654 MODIFIED SCAN MODE 4 (360°; 0 .5° , E=1°) 
12/10/80 0600-0730 
0730-1600 
5 min cycle (360°; 0-4.0° , E=1°) 
3 min cycle (360°; 0-5.1° , E=1°) 
12/11/80 0602-0656 
0657-0920 
SCAN MODE 4, E=1° 
360° scan, elevation steps: 0-1.5° , E=.5°, then 2 .5 -3 .5° , 
AE=1° 
SCAN MODE 3 (120-210°) 
added scans on top Ef=6.9 
El. in terva l = 1° , 17° = E f 
SCAN MODE 3 (120-210, E=1°, Ef=17°) 
0921-1002 
1003-1011 
1012-1030 
1130-1221 
12/13/80 0554-0729 SCAN MODE 4, 0-5°, elevation in terva l = 1 
0730-1019 
1040-1408 
SCAN MODE 1, (120-260) for Dual Doppler 
12/14/80 0703-0729 
0730-0829 
0830-0930 
0931-0949 
360° scan-scanning at 0.2° elevat ion angle only 
360° scan, elevation steps: 0-1.5° , e l . in terva l = .5° 
SCAN MODE 5 (centered 340-110° - azimuth sector sh i f ted 
as echoes moved south) 
Return to 360° scan 0-1° e l . in terva l = .5° 
12/15/80 0605-0658 3 min cycle (360°; elevat ion 0-5°, e l . in terva l = 1°) 
12/16/80 0554-1042 
1043-1148 
360°; elevation 0-5° elevat ion in terva l = 1° 
SECTOR SCAN 210-330°; elevat ion 0-3° , e l . in terval = 1° 
1/ 6/81 0610-0941 
0942-1059 
1100-1304 
SECTOR SCAN (degree range unknown) 
360° scan 
360° scan with occasional RHI's; elevation steps: 0-1 .5° , 
e l . in terval = . 5 ° , then 2 .5-5 .5° , e l . in terva l = 1° 
1/ 7/81 0204-0929 
0930-1206 
360° scan; elevation steps: 0-1.5° , e l . in terva l = . 5 ° , 
then 2.5-5.5° , el. in te rva l = 1° 
SCAN MODE 1 (160-300°) fo r Dual Doppler operations 
1/ 8/81 0610-1116 360° scan; elevation 0-5° e l . in terva l = 1° 
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Table 3a (Continued) 
Date Time (EST) 
0030-1012 
Data Col lect ion Mode (see Table 3b fo r fur ther explanation) 
1 / 9/81 360° scan 
1 / 9/81 2157-2229 SCAN MODE 1; Dual Doppler 
1 / 9-
10/81 
2230-0816 Surveil lance scan once every 6 minutes (360° scan) 
1/10/81 0817-0835* 360° scan, 4 min cyc le , Dual Doppler 
1/11/81 1039-1259 
1300-1503 
SCAN MODE 1-Dual Doppler, 170-290° 
Regular (360°) scan resumed 
1/15/81 0625-1054 
1055-1301 
Surveil lance (360°) 
Elevation steps: 0 -5 .5° , elevat ion interval = .5° 
1/16/81 0627-1147 
1148-1215 
1527-1629 
1630-1815 
SCAN MODE 3; elevat ion steps: 1-5.5°, e l . in terva l = 5° 
SCAN MODE 1 Dual Doppler 
360° scan; elevat ion steps: 0 -1 .5° , e l . in terva l = .5° 
then 2.5-4.5° , e l . in terva l = 1° 
SCAN MODE 1 (130-169°)- higher resolut ion 
*Recording problems encountered 
Table 3b. Explanation of scan modes for CHILL radar during Michigan project 
(December 1980 - January 1981). 
CODE SECTOR 
WIDTH 
Ei e1 e2 Pl Ef N T 664 R1.5 R2.5 
1 140 12 0.1 .25 .5 7 4.35 13 3 .8 20 34 
2 240 12 0.1 .5 3.6 8 3 .8 25 41 
3 90 9 0.1 .25 .5 7 5.35 15 3 .6 16 27 
4 360 12 0.1 .5; 1.0 3 2.6 5 3 .8 35 57 
5 130 12 0.1 .25 .5 3 5.85 14 3 .8 15 25 
COMMENTS 
High reso lu t ion , 1 lobe 
both lobes 
very high resolution 
fast 360° volume scan 
C0DE.- for communications 
SECTOR - azimuth sector to be scanned 
- azimuth scan rate in degrees per second 
Ei - initial elevation 
e1 - elevation increment on switch 1 
e2 - elevation increment on switch 2 
p1 - no. times to execute e1 starting with Ei 
Ef - final elevation 
N - total no. sector scans from Ei to Ef 
T - total volume scan should fit within T minutes 
- center-to-center azimuth increment for 64 hits 
R1.5 - range (km) at beam center height of 1.5 km 
R2.5 - range (km) at beam center height of 2.5 km 
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APPENDIX A: Synopsis of Weather Conditions and Field Operations, 
Spring and Summer, 1981 
Data were collected with the CHILL radar in Montana on 47 days between 
May 21 and August 6, 1981 with funding provided by the Bureau of Reclamation. 
On 11 of these days, the radar was operated in a "NEXRAD mode" of full 
volume scans when it was not under control of the program directors for 
CCOPE. The data collection for NEXRAD ranged in length from about 1 hr to 
over 5 hrs. 
Summaries of weather conditions and field operations for all days on 
which data were collected are given in the following pages to provide the 
NEXRAD Technical Advisory Committee with information about the summer weather 
in the northern high plains and the phenomena for which the national program 
(CCOPE) collected data. These summaries have been expanded for the 
eleven days on which NEXRAD volume scans were made and for four days on 
which severe hail and wind storms were tracked for several hours, albeit in 
a sector scan mode. 
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May 21 , 1981 
TAPES TIME ON - TIME OFF DATA COLLECTION MODE 
1MT01 
1MT02 
1358 1740:30 
1 749:47 1822:15 
290-321, 274-294, 292-325, 222-246, 
243-288, 207-247, 224-257 
224-257, 230-265 
226-278, 
A warm day -- High Temp: 80 or 81° at CHILL. Forecast was for good 
Cu development with hail possible -- NWS gave us 60% chance of rain during 
the day, and a good likelihood of rain again tomorrow, so our first data 
collection occurred this date. Most of the rain echoes were to our west, and 
we performed numerous sector scans from 1358 to 1822 on these echoes. During 
our scans, the rain remained west of the network, but CHILL did receive .07" 
of rain overnight this evening. Some decent echoes were noted, but these 
were too far west and south of the network to be of interest to most CCOPE 
participants. 
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May 22, 1981 
TAPES TIME ON - TIME OFF 
1244:45 1343:30 
DATA COLLECTION MODE 
1MT03 Sectors: 141-163, 129-175, 150-175, 159-175, 
150-210 
1MT04 1344:50 1456:58 150-210 until 1405, then 360° Scans 
1MT05 1457:50 1518:50 360° Scans 
No formal weather briefing given -- barometer quite low. CHILL 
sector scanned from 1244-1405:20, primarily to the south and southeast, but 
only weak activity was noted. CHILL received 0.15" rain during the day from 
these showers. In the early AM, the showers were primarily W of CHILL, but some 
elements did form over and south of CHILL during the early afternoon, and these 
are what CHILL collected data on. Wrong date was recorded on the tapes today 
(5-21 was put on tapes instead of 5-22). 
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May 25, 1981 
TAPES TIME ON - TIME OFF 
1328:25 1439:17 
DATA COLLECTION MODE 
1MT06 Sec to rs : 77-227, 258-293, 252-285, 264-297 
1MT07 1440:09 1614:14 264-297, 262-300, 77-227 
The forecast called for a good chance of convective activity during the 
late afternoon / early evening hours. Low level boundary scans were taken 
from 1328-1335. From 1336:35-1513, we sector-scanned over a region to the 
west and north of us that contained a cell that was interesting to CCOPE. 
At 1550, we returned to a boundary layer scan, and we remained in this mode 
until 1614:14 -- as nothing appeared to be developing, we stood down at this 
time. 
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May 27, 1981 - NEXRAD DAY 
TAPES TIME ON- TIME OFF DATA COLLECTION MODE 
1MT08 0902 -1025 360° Scans 
1MT09 1025 -1147:10 360° Scans 
1MT10 1200 -1309 360° Scans 
1MT11 1309:55-1422-20 360° Scans 
1MT12 1424:02-1645 360° Scans 
A low pressure center over the southern edge of the meso network, in 
association with a 500 mb vorticity maximum, resulted in layered cloudiness 
and general rains of 1/3 to 2/3 of an inch over southeast Montana during 
the day (CHILL received 0.4" and MLS reported 0.53"). 
A north-south line of echoes approximately 40 km wide and 120 km long 
existed over the western half of the scope when CHILL began recording at 
0902. At 0951, maximum dBZ was 40 at 240/85, but another strong echo existed 
on the north end of this line. By 1030, the northern portion of the line 
had dissipated, and the southern half had narrowed in width but had retained 
its NNE-SSW orientation (from 235/80 to 265/40). Maximum reflectivities were 
still around 40 in this line. By 1200, the southern portion of the line had 
dissipated, but a short line of 4 or 5 small echoes re-developed in the 
region adjoining the decaying rain system. These echoes attained dBZ values 
to 30 and moved to the SE. During the period 1300-1430, a line of small 
echoes formed about 30-40 km south of CHILL and moved E through the network. 
Although the individual cells were short-lived, maximum dBZ reached 35. At 
1340, this line existed from 80/50 to 150/70 from CHILL and, by 1436, extended 
from 70/75 to 120/75. This line began to dissipate by 1530 and was basically 
gone by 1600 (maximum dBZ approximately 20 by 1537). More cells were 
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May 27, 1981 (Continued) -- 2 
developing to the NW of CHILL, but we ceased to record at 1645. 
The King Air took off at 1215 and performed instrument tests. The Twin 
Otter and 306A worked the most intense echoes from 1300-1500 in the line of 
echoes that passed over the network, but only performed instrument tests and 
sampled for air chemistry. 
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May 28, 1981 
TAPES TIME ON - TIME OFF DATA COLLECTION MOM 
1MT13 1330:40 1342:30 Sector scan 132-152 
Forecast: Very dry aloft, and this will reduce the chances of 
thunderstorms to about 10% during the day. 
Because the Sailplane went airborne, CHILL was asked to sector scan 
from 1330:40 to 1342:30. As the day turned out to be sunny and dry, high near 
80°, no data collection other than the ~12 min worth of scanning was taken. 
EAM and I went to Miles City to see the operations center, sit in on a 
planning meeting, and see CP-2. 
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June 1, 1981 
TAPES TIME ON - TIME OFF 
1303 -1547-43 
DATA COLLECTION MODE 
1MT13 Sectors: 90-220, 90-180 
1MT14 1548:20-1707:51 90-240, 160-270, 154-194, 158-203, 145-203 
1MT15 
1MT16 
1708:37-1849:10 
1850:25-1954:45 
Numerous sector shifts as we followed the 
storm continuously until 1954 
CHILL was put on standby mode at 1230. Hartzel1 informed that a 
vorticity max in central Montana would be the triggering mechanism for convective 
activity over the network by afternoon (he expected cold air advection at 700 mb 
level during the afternoon). We commenced taking clear-air scans at 1303, and 
continued this mode (90-220, 10°/sec - 0.5-6.0-0.5) until 1527. During this 
period, echoes were noted to west of CP-2 moving to the east. From 1536-1954, 
CHILL followed the storm system as it developed, moved across CP-2 (max dBZ ~ 45, 
hit CP-2 at 1620), and across the southern half of the radar network. CHILL 
received no precipitation from this system, but the system was the best we've 
seen here to date. Maximum tops in the storm were measured at 27.5 KFT by CHILL. 
Skies were mostly sunny during the afternoon, with decent cumulonimbus clouds 
observed to the west and south. High temperature was around 70° at CHILL. 
-22-
June 4, 1981 
TAPE TIME ON - TIME OFF DATA COLLECTION MODE 
1MT18 1539 1631 120-170, 48-128 
CHILL on 1200 standby. Forecast was for negative vorticity advection 
this afternoon -- subsidence, and heating at lower levels which might be enough 
to support some small convection to -8° level. Strong winds were expected to 
shear Cu tops, and falling Td at surface during the afternoon was another 
negative factor. Nevertheless, a few weak echoes were observed over the 
eastern portion of the network (50-60 km east of CHILL) and CHILL scanned these 
echoes from 1539-1631, as planes were studying them. 
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June 5, 1981 
TAPES TIME ON - TIME OFF 
1157 -1416:10 
1430:12-1601:13 
DATA COLLECTION MODE 
1MT18 
1MT19 
204-268, 110-180, 90-210 (chaff) 
90-210 (chaff) 
A ridge of high pressure to our west along with an inversion at 600 mb 
combined to inhibit any decent convection today, so a chaff dump study was 
arranged, and chaff was dumped at two locations. CHILL recorded from 1250-1601, 
and employed the PBL1 mode (90-210-5°-0.2-6.5-1.0) from 1330 to 1601. 
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June 6, 1981 - NEXRAD DAY 
TAPES TIME ON - TIME OFF 
1000 -1030 
DATA COLLECTION MODE 
1MT19 360° Scans 
1MT20 1032 -1510:30 360° Scans to 1155, then sector scans 
initiated at 1415: 66-139, 44-142, 73-115 
A Pacific cool front passed through the mesonetwork this afternoon. 
In advance of this front, an instability line formed and affected the region 
by triggering convection during the early morning. Both the front and the 
instability line, which was marked by a wind shift, were supported by a 
decent short wave at upper levels. 
At 1015, a line of echoes extended from 120/25 to 165/150 (reference pt; 
CHILL). Maximum reflectivities in this line were 35 to 40 dBZ at 120/25 
from CHILL. Other echoes existed northwest of CHILL, but were not going to 
affect the network. An instability line appeared to pass through the network 
between 1000 and 1130, as skies cleared from the west. Winds were S to SE 
ahead of this line, and were NW behind this line. By 1115, the line of 
showers associated with this line had weakened to the point that 
scattered echoes with reflectivities reaching only 25 dBZ existed, and these 
echoes were E-ESE of CHILL at 120 km. CHILL collected data from 1005-1155 
(tapes IMT 19 and IMT 20). The basic scan mode was 360° - 3 @ 1° elevation 
steps, then = 3° to 16.4° - maxel 16.4 (1°, 2°, 3°, 4°, 7°, 10°, 13°, 16°). 
We were running this sequence once every 5 minutes. 
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June 6, 1981 (Continued) -- 2 
The King Air noon sounding suggested that severe storms could occur over 
the region by mid-afternoon, so CHILL remained in a surveillance mode even 
after the morning showers had moved beyond our range of detection. A weak 
inversion at mid-levels during the morning apparently intensified during the 
early afternoon, and only very weak echoes were observed over the network all 
afternoon. CHILL collected data on these echoes, which were situated primarily 
east and north of our position, from 1415 to 1510 LDT. 
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June 7, 1981 - NEXRAD DAY 
TAPES TIME ON - TIME OFF DATA COLLECTION MODE 
1MT21 0830 0920 360° 
1MT22 0920 1034 360° 
Strong westerly flow existed over the mesonetwork, and weak short 
wave troughs moved rapidly eastward over the area. One trough triggered 
some convection to the west of the CC0PE region of interest, and an area 
of showers and embedded thunderstorms moved over CHILL and most of the 
network during the early morning hours. CHILL recorded the tail-end of 
this complex for NEXRAD from 0830 to 1034 (tapes IMT 21 and IMT 22). At 
0830, the radar indicated that the large area of rain contained embedded 
reflectivity cores reaching 35-40 dBZ at the surface, and around 50 dBZ 
at higher elevation angles. At 0900, the main core exhibited 40 dBZ return. 
At this time, dBZ values of 50-55 were noted from 40 to 100 km east of 
CHILL at higher elevation angles. By 0930, the most intense echo was 
situated at 110/80, had dBZ values to 40, and was moving to the east along 
with the rest of the line of echoes. The line appeared to be decreasing in 
size and intensity. By 0920, the thin line of echoes, now oriented NNE-SSW 
at a distance of 80-90 km east of CHILL, had maximum dBZ of only 30, and 
continued to deintensify. This trend continued until 1034, when recording 
was terminated. 
Ten and three cm data were collected for this rainstorm. Elevation 
steps remained fixed at 1°, and maximum elevation was 8.6° (steps were 0°, 
1°, 2°, 3°, 4°, 5°, 6°, 7°, and 8°). 
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June 7, 1981 (Continued) -- 2 
A sharp reduction in low-level moisture effectively 'killed' the cumulus 
clouds that began to develop during the early afternoon, and no more storms 
developed over the network. 
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June 9, 1981 
TAPES TIME ON - TIME OFF DATA COLLECTION MODE  
1MT23 1113:50-1230 Numerous sector scans to E & S of CHILL 
1MT24 1230 -1437:15 Numerous sector scans to E & S of CHILL, 
then 220-341 at 1424 
1MT25 1438:25-1636:05 190-341, 170-341, 155-330, 90-150, 65-170, 
65-190 
1MT26 1638:30-1710:50 65-190 
1MT27 1712:30-1718 65-190. 
Jay Miller called and put CHILL on stand-by status at 1000. Early 
convective storm development was possible. Hartzell's forecast suggested 
that most of the activity would be over by mid-afternoon. Many small 
convective showers developed over and west of the network and moved rapidly 
eastward during the late morning and afternoon. CHILL was, along with CP-2, 
primarily in a surveillance mode during the majority of the period of operation, 
and also collected data for NEXRAD. No intense echoes were observed -- max 
dBZ approached 20. The CHILL site received a trace of rainfall 2 or 3 times 
during the afternoon. Most of the light showers moved W to E to the S of 
CHILL. King Air did extensive analyses on these "salt & pepper" echoes. The 
maximum temperature at CHILL was 70°, and strong westerly winds (estimated to 
be 30 to 35 mph) persisted during most of the afternoon before abating around 
1830. 
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June 10, 1981 
Tape Time On Time Off Data Collection Mode 
1MT28 1255:00 1417:09 90-220 (PBL-1) -chaff 
CHILL was up and operational by 1230. Chaff was dumped at 180/55 
from us at 1300. We went into PBL-1 mode (90-220-5°-0.2-6.5-1.0) at 1255. 
Hartzell's forecast was for a decent chance of light showers to develop 
over the northeast part of the network during the afternoon. CHILL continued 
in a PBL-1 mode until 1417:09. At 1703, CCOPE requested data collection in 
support of aircraft, but scans were aborted when it was determined that the 
planes had already headed back to Miles City. Partly cloudy skies and mild 
temperatures prevailed over the network this day--it was 75º at 1230 at 
CHILL. 
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June 11, 1981 - NEXRAD DAY 
TAPES TIME ON - TIME OFF 
0830 -0847:45 
DATA COLLECTION MODE 
1MT29 360° Scans 
1MT30 0848:43-0929:20 360° Scans 
1MT31 0929:55-1014:00 360° Scans 
1MT32 1015:45-1102:02 360° Scans 
1MT33 1102:38-1227:50 360° Scans to 1156, 77-224, 360° 
1MT34 1228:43-1428:30 360° Scans until 1338, PBL-1, 263-353 
1MT35 1429:30-1716:40 263-353, EOF, PBL-1 at 1600 
1MT36 1719:53-1729 PBL-1 (90-220) 
A weak cold front passed through the mesonetwork this morning. It 
was supported by a moderate short wave trough at mid-levels. At the 
surface, NE flow was advecting cool, moist air into our area. 
CHILL began recording data at 0830; at this time, light rain was 
falling over a large area east and south of CHILL, while a 15-20 km wide 
line of echoes with maximum dBZ to 40 extended from 255/14 to 290/60. All 
rain areas were moving to the east. By 0852, the line of echoes extended 
from 250/110 to 310/50 and averaged 10 km in width. Maximum dBZ in this 
line was 40 at 290/45. Maximum dBZ on the scope, however, was embedded in 
the area of general rains in the southeast quadrant - 45 dBZ was detected 
at 110/100, and dBZ of 30 to 35 were common in this region (CHILL had 
received .04" from this area of rain). The line of echoes to the NW of 
CHILL continued to move ESE, and was situated from 255/135 to 355/35 with 
an average width of approximately 10 km by 0922. Maximum dBZ to 45 were 
noted NNW of CHILL. By 1000, the echoes to the southeast of CHILL were 
definitely weakening, but the line of echoes was now within 20 km of CHILL 
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at its closest point and was moving SE with maximum dBZ to 40. At 1028, 
it began to rain at CHILL. This line continued to move to the SE and 
retained its intensity (CHILL received .06" from the line of echoes that 
passed over approximately 1028-1050), but other narrow bands of echo formed 
over and east of the network from 1100-1250. Maximum dBZ in these regions 
of echo was 40. At 1145, a sector from 80 to 170° covered all the echoes 
on the scope. The lines seemed to be orienting themselves more W-E; earlier 
they were oriented SW-NE. By 1250, the lines appeared to be weakening; by 
1314, only one echo at 100/130 contained dBZ > 25; by 1350, the echoes 
were practically gone. Only 1 CCOPE operation was performed during this 
period of data collection: WB-57F performed a coordinated early storm 
period from 1300-1345, but it collapsed quickly. The clouds looked good 
at first, but they flattened out rather rapidly, which correlated well 
with the radar return from these storms. CHILL went into a PBL-1 mode at 
1350 and remained in it until 1502. Re-initiation of PBL-1 occurred at 
1600, but operations were terminated at 1729. Hartzell had held out some 
hope for convection by late afternoon due to convergence over the network, 
but the storms failed to materialize. 
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June 12, 1981 
TAPES TIME ON - TIME OFF DATA COLLECTION MODE 
1MT36 1029 -1041 360° Scans 
1MT37 1047 -1104 360° Scans 
1MT38 1104:45-1128 360° Scans 
1MT39 1128:50-1152:10 360° Scans 
1MT40 1153:00-1213:05 360° Scans 
1MT41 1214:05-1308:15 360° Scans 
1MT42 1518 -1610:43 Sector scans of line 
1MT43 1611:32-1641:50 
1MT44 1642:44-1735:23 
1MT45 1740:38-1841:26 -- a few sector scans followed by many RHIs 
to continuous scans at 1826 
NOTE: Too many "zeroes" were recorded causing tapes to be "eaten" 
too rapidly -- DAB or EAM must modify tape display program 
to read these tapes. 
This day turned out to be the most interesting weather day to 
date in CC0PE. 
Widespread rain was falling across the southern half of the 
network and in the NW quadrant from CHILL -- this rain area had maximum dBZ 
of approximately 35-40 according to CP-3 and CHILL, located at 210°/60 km 
from CP-3 at 1030. CHILL collected data in a NEXRAD mode from 1029 to 1308:15, 
and then collected data for CC0PE from 1518 to 1841:26. 
Hartzell's weather forecast was interesting, in that he expected 
a decent shortwave trough over Idaho to move across our network by late after-
noon. This, he said, would lead to instability and convection. Given decent 
surface heating, good convection was highly likely. At 1336, the briefing 
room informed us that a TORNADO WATCH, 70 miles either side of a line from 35 miles 
WSW of Miles City to Scotts Bluff, NE, had been issued -- we fell inside that 
watch area. Brante Foote stated that"all the ingredients are there" for robust 
convection and possible severe weather to occur, especially in the southern 
portion of the network. (continued . . . .) 
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June 12, 1981 (continued)-- 2 
CHILL had, as mentioned earlier, halted NEXRAD recording at 1308:15, 
but reinitiated NEXRAD recording when an operator detected a possible line of 
echo developing W and N of CHILL. Development of this echo region seemed 
rapid to us, so we informed Sunday Creek of our observational deductions at 
approximately 1510. Good towering Cu were observed by Citation in a NNE-SSW 
line, with max tops 32.5 k ft at 1522. 
At 1531 CHILL went into a Sector Scan mode that was set up to 
follow this developing line of storms, and we stayed in this mode until 
1755:12. We then took a series of RHIs on the line that had moved to the NE of 
us and weakened drastically. We continued taking RHIs off and on until we 
shutdown operations at 1841. At the time of maximum development (1625 MDT) , 
dBZ return was approaching 60. The line of storms moved to the NE (Max height 
of echo was 34.5 kFt), and intensified until approx. 1630. By then, visual 
observation suggested that the line was beginning to break up,and chaff was 
even dumped to hopefully enhance what updraft regions were present in the 
storms. We visually observed 2 aircraft about 1730 to the WNW of us. The 
storm ended up moving just to the N of the CHILL -- we received no rain from 
the line, but the Cbs associated with this area of thunderstorms were most 
impressive around 1600-1630 as they moved from W to just N of us. 
Just before stand down, we performed a 360 scan (1826:45) 
at 2.6° elevation. A large area of rain existed south of us, and a decent 
thunderstorm was approaching Miles City, but CC0PE didn't seem interested 
and told us precisely that. 
This turned out to be unfortunate, since CHILL received 1.48" 
from 2 storms that affected the network after we had gone home for the evening. 
(continued....) 
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June 12, 1981 (continued)-- 3 
The first of these hit around 2000, and deposited marble-sized hail on a farm 
four miles north of CHILL, and another storm hit sometime during the early 
morning of the 13th (the farmer that lived 4 mi N reported 2.1" of rain 
was received from these 2 storms). 
Rainfall totals from the early evening and early morning thunderstorms: 
Miles City--1.19" 
Broadus-----0.80 
Baker-------1.01 
Glendive----none 
CHILL-------1.48 
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June 13, 1981 
TAPES TIME ON - TIME OFF DATA COLLECTION MODE  
1MT46 1353 -1735:40 3 cm calibration until 1400, then 180-270 
at 1656, 170-260 
1MT47 1738:03-1758:50 170-260 
A 3-cm calibaration was made on tape 1MT46 from 1353 to 1400. The 
NWS forecast an 80% chance of scattered showers and CCOPE informed us 
that there was a chance for cumulonimbus by late afternoon with maximum 
tops to 35 kFt. Two regions of echo developed during the late afternoon 
in SW quadrant from CHILL, and CCOPE asked us to begin performing 
Sector Scans on the region 180-270° from us at 1656. As the storms 
moved slowly eastward, CHILL followed them, but both regions began to 
weaken by 1715 and stand down was issued at 1750:30. Maximum dBZ were in 
the 25 range from these 2 areas of echo. Visual observation revealed that 
the second area of echo (area farthest W) broke down and died by 1720, 
while the first area lasted until it got to N0AA-K or thereabouts. 
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June 15, 1981 - NEXRAD DAY 
TAPES TIME ON- TIME OFF 
1328:00-1434:15 
DATA COLLECTION MODE 
1MT48 360° Scans 
1MT49 1434:57-1518:50 360° Scans 
1MT50 1520:16-1638:11 360° Scans 
1MT51 1639:25-1642:06 360° Scans 
An upper level low over North Dakota caused the operational area to 
experience moist NW flow at all levels. Early morning temperatures were 
generally in the 40's over the mesonet, but partial sunshine helped to 
raise temperatures to the low-to-mid 60's by mid-afternoon. Numerous Cu 
formed early today, as the convective temperature was 52° at MLS. Some 
of these Cu developed into TCu and TCu complexes, as well as small 
cumulonimbus (Cb) clouds, by early afternoon. 
Numerous regions of light rain echo existed over all but the NE 
quadrant of the scope at 1328, when CHILL began collection of data for 
NEXRAD. At 1338, CHILL began to record data in a continuous mode, taking 
360° scans from 0° to 7.5° in 1° steps. The most significant cells were 
located on a 315° radial from CHILL at 80, 120 and 140 km at this time, 
but dBZ return remained less than 35 in this region. Most echoes across 
the south half of the scope had dBZ values around 25. By 1418, one echo 
had dBZ as high as 40 - its location was 125/90 from CHILL. At about this 
time, a rain shower was visible to the northwest of CHILL. The two largest 
regions of echo existed at 275/70 to 340/70 and at 160/70 to 190/70 at 1430, 
and maximum dBZ of 35 was observed. Some new development was noted to the 
southwest by 1430. The largest new echo was centered at 240/90, and 
contained dBZ values to 35 at 1450. 
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CCOPE became interested in this cloud around 1415, and H-1, 2, 5, and 6 
performed an early storm experiment on it (location: 180/30 from CP-2's 
position). The operations director considered the 1 hr 15 min experiment 
successful and interesting in that, although the maximum cloud top was only 
18 KFT, rather large updrafts were reported (w ~ 8-10 m/s), and large 
graupel was observed by the Twin Otter. CP-2 also detected dBZ as high 
as 40 in this cell, and lightning was produced by, or was in the vicinity 
of, this cloud. The King and Queen Airs continued to examine cells to 
the SW of CHILL until approximately 1630, but the only decent cell was 
the aforementioned one, according to the personnel on board these planes. 
The echo(es) of interest were centered at 170/35 from CHILL at 1517, and 
moved to the ESE such that they were centered at 175/40 by 1521. By 1534, 
it appeared to CHILL that this area had a core of dBZ to 40 at 170/50. 
This echo continued its ESE to SE movement with its maximum core of dBZ 
equal to 40, and was centered at 160/95 by 1615. 
At 1540, the continuous scan mode was terminated; we took only one 
sequence of scans every 20 minutes until 1642, when we stood down for the 
day. The primary echoes on the scope remained to the south of CHILL and 
failed to develop during this period, which led CCOPE to its decision to 
abandon the cells. For example, at 1638, the strongest echo on the scope, 
at 160/120, had maximum dBZ of 30 and was decreasing in intensity. 
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June 16, 1981 
TAPES TIME ON - TIME OFF DATA COLLECTION MODE  
1MT51 1424 -1607:27 PBL-1 (90-220) - chaff 
Hartzell forecast some convection to occur by 12-1 pm, but most Cu 
were N of CHILL, and the network was mostly clear during the mid-afternoon. 
A stable layer at 500 mb told us that little if anything would occur 
until early evening, when mid-level moisture and cold air advection could 
trigger some light rain over the western portion of the network. 
CHILL initiated PBL-1 scans at 1424 and continued in this mode until 
1607:27. At 1454:10, chaff was observed at 181/56 from CHILL - maximum dBZ 
was 20 in this chaff. No decent rain echoes were detected by 1600, and 
CC0PE decided to 'stand down' for the day. 
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June 17, 1981 - NEXRAD DAY 
TAPES TIME ON - TIME OFF DATA COLLECTION MODE 
1MT52 1115 1202 360° Scans 
1MT53 1204 1246 360° Scans 
1MT54 1246 1332 360° Scans 
1MT55 1332 1702 360° Scans until 1347; various sector 
scans initiated at 1557 
1MT56 1703 1739 139-161, then 360° Scans from 1717 onward 
1MT57 1740 1803 360° Scans 
1MT58 1804 1826 360° Scans 
A moderate short wave trough was positioned over the mesonetwork 
this morning, and moved slowly to the east during the day, putting us in 
the coldest air at 500 mb by afternoon (at 0600, 500 mb T = -21°C; at 
1800, it was forecast to be -24°C). Plentiful mid-level moisture gave us 
a good chance for occasional showers during the entire day, and considerable 
cloudiness with the cold air advection held the maximum temperature down to 
63° at MLS and approximately 60° at CHILL. 
CHILL began recording for NEXRAD at 1115. At this time, two lines 
of echo were oriented WNW-ESE to the SW of CHILL. The strongest echoes were 
in the more narrow, broken northern line - some dBZ to 50 were noted. A 
short N-S line of echoes connected these 2 lines. This line intensified 
during the next hour, and by 1224, dBZ values as high as 45-50 were detected 
in it. The east end of the northern line began to move rapidly eastward 
around 1150. At this time, a 5-7 km wide area of echoes extending from 
150/40 to 140/80 contained dBZ to 48. By 1230, one main line with several 
dBZ maximum cores to 45 existed from 185/60 to 115/150 (from almost due S of 
CHILL to the east edge of the scope). This line gradually moved to the south, 
and the west end began to break up by 1254. Some cores of dBZ to 40 still 
existed in the eastern half of this line at 1315. From 1318 to 1347, CHILL 
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June 17, 1981 (Continued) -- 2 
experienced a problem which caused the echoes to be depicted as being less 
intense as they probably were. CHILL did not record from 1347 to 1557, and 
then recorded in sector scan mode for CCOPE. 
The line of echoes extended from 160/20 to 105/130 at 1614, and 
maximum dBZ was 50 at 105/80. This line was about 5 miles wide, on the 
average. By 1655, maximum dBZ was only 30 and was located at 130/70. CCOPE 
requested us to track an echo to our SE, and this we did until 1710. 
At 1717, CHILL went into a 360° scan mode at 18°/second scan rate 
with 1° elevation steps. The main echo region at 1718 extended in a 
SW-NE line from 120/100 to 70/135. It was 30 km wide and exhibited 
maximum dBZ to 45 at 110/110. A decrease in intensity was noted in this 
region by 1728, as maximum dBZ were only approximately 38. Another area 
of echoes was centered at 170/55 and contained reflectivities to 35 dBZ. 
This area decreased in size and deintensified from 1745 to the end of 
data recording. The line to the east of CHILL was moving off the scope 
by 1754, and only small scattered echoes (dBZ 30) remained on the 
scope after 1800. 
No CCOPE activities occurred during the 1115-1347 data collection 
period, but the Twin Otter and Queen Air 306A conducted several cloud 
studies over and near the doppler network between 1655 and 1900. The latter 
of the two studies combined aspects of early and mature storm experimentation. 
All radars were scanning in a continuous mode from 1600-1900 to support the 
aircraft experimentation. 
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June 18, 1981 
TAPE TIME ON - TIME OFF DATA COLLECTION MODE 
1MT59 1040 1527 PBL-1 (90-220), 28-77, 27-63, 1-47, 14-60 
360°, PBL-1 again 
The record low temperature of 42° was equalled this morning at Miles 
City. Partly sunny and cool weather dominated today (68° high in Terry). 
Hartzell's briefing: adequate moisture at low levels, but strong stable layer 
at 550 mb will restrict convection, so that only fair weather Cu were likely 
by afternoon. Strong W to E winds existed at 500 mb level this morning and 
were expected to continue during the remainder of the day. CHILL began 
collecting data in a PBL-1 mode at 1040, and continued in this fashion (3 
scans every 20 min) until 1307. CHILL then sector scanned over the NE quadrant 
from 1309-1336. Some echoes managed to develop in this region and reached 
maximum dBZ of 30. CHILL shifted back to PBL-1 at 1400 and continued in this 
mode until stand down was announced at 1540. At 1425, CHILL experienced antenna 
control problems, and had to drop out of the PBL-1 sequence until 1520. It 
turned out that the minimum voltage required to operate was not generated by 
the power supply, so we had to switch to the backup power supply located in 
the same unit as the one that had failed. We would have gone into a sector 
scan mode, with an area of interest about 30 km S of us at 1415 or so, if the 
power supply hadn't failed. 
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June 19, 1981 
TAPES TIME ON - TIME OFF DATA COLLECTION MODE 
1MT59 1202 1349 PBL-1, 79-126, 98-131, 93-131, PBL-1 & 2 
1MT60 1350 1507 PBL-2, (90-210 @ 10° s - 1 ) , 360° Scans, 180-280 
1MT61 1508 1605 180-280, 165-265, 160-260, 155-255, 360° Scans, 
220-260 
1MT62 1606 1659 220-260, 210-260, 200-260, 195-255 
We had rain overnight and early this morning triggered by a short 
wave passage -- no data was collected on it, however. 
Weather conditions quite similar to yesterday's existed over the 
network this morning -- quite cool with brisk upper level winds W to E (55 kt 
at MLS). Hartzell informed that a stable layer existed at 550-500 mb and 
would intensify due to subsidence resulting from overnight shortwave trough 
passage during the afternoon, putting a 'lid' on convection, and leading to 
only fair weather by evening. At 1220, PBL-1 scans were initiated, and chaff 
was observed at 155/55. A few weak precipitation echoes to the E of CHILL 
were also observed. We went into an early storm phase at 1244 to follow 
these light echoes, and continued in this until the planes lost interest (1302). 
PBL-1's were then restarted, and we stayed in that mode until 1338, when 
it was decided to increase scan rate to 10°/second. We called this new scan 
a PBL-2 (90-210-10°/second-0.3-6.5-l° steps), and ran it from 1341 to 1419. 
Some decent echo return began to show up WSW of CP-2, so we ran a 360° scan to 
see what was occurring there. Maximum echo top was 28 kFt in that region. 
At 1446, CHILL began to sector scan the storm, and followed it until 1553, 
when another 360 was taken. We then began to follow a different cell that 
was situated at 245/110 at 1553. We tracked this storm and an interesting 
appendage extending ESE of the main echo until 1555 in sector scan mode. 
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June 19, 1981 (Continued) -- 2 
We then went back into PBL-2 at 1655 and performed one set of 3 scans before 
standing down. These echoes to the WSW never moved over the network. Maximum 
temperature at Terry was 73°F, after a morning low of 40°. 
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June 20, 1981 
TAPES 
1MT62 
TIME ON -
1209 
-TIME OFF DATA COLLECTION MODE 
1244 Sector 123-259, 189-245 
1MT63 1244 1413 Var ious sector scans 
1MT64 1415 1711 110-120,195-250,177-252,161-239 
1MT65 1712 1828 161-239 ,153-228,120-200,90-190,90-180 , 
110-165 
Even during the early morning hours, this appeared to 
be an above-average day with respect to convection. Hartzel1 informed that a 
decent upper-level disturbance moving rapidly eastward would trigger thunder-
storms from the moist, unstable air over MLS this morning by early afternoon. 
Early interest centered on a cell at 225/40 (1209 MDT) . This cell, along with 
other cells later on, moved eastward across the network. CHILL went into a 
sector scan mode and followed it (or them) from 1209 to 1439. At 1316, maximum 
dBZ about 45 in an oval-shaped cell on the west edge of the sector (195/40) 
was noted. By 1339, the strongest cell was oriented W-E, 40 km long 
and 15 km wide, with max dBZ >50, and was located at 175/45. Two other 
decent cells were located about 150/70. At 1402 the main core in the primary 
cell was located at 165/55 with max dbZ about 40. A 70 km-long line of echo 
was oriented WNW-ESE from 175/55 to 135/90, and was moving ESE. By 1415, a 
major cell was located at 150/60 with max dBZ about 40-45. By 1434, dBZ 
levels seemed to decrease in major cell and others to SE of CHILL. CHILL went 
into a surveillance mode at 1439, and an EOF was put on the tape at 1522. 
However, more echoes began to develop and move into the network from the SW 
quadrant from CHILL; a line of echo oriented SW-NE (to within 15 km of CHILL) 
Continued.... 
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with maximum dBZ about 30 was observed at 1648. CHILL began sector-scanning 
this new area of echo, and followed it until 1828. By 1712, the line extended 
from 170/50 to 220/130 in a 30-35 km wide band, with the strongest echo at 
180/65 with 35-40 dBZ return. This line continued to have maximum dBZ 35 
and moved slowly to the ESE (to the SE of CHILL) until operations were terminated 
at 1900. 
Maximum temperature at Terry was 75°, and the minimum was 45° -- no 
precipitation was recorded at CHILL, which probably helped to improve our 3-cm 
data quality immensely. Thus far, June 12 and June 20 have been the best two 
case days during CCOPE. 
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June 21, 1981 
TAPE TIME ON - TIME OFF DATA COLLECTION MODE 
1MT67 1300 1547 PBL-1 
Skies were generally clear over the network this day, in sharp 
contrast to what existed the day before. The vorticity maximum at 500 mb that 
moved through the network yesterday evening was situated over us this morning 
and was forecasted to continue moving to the east, placing us in strong NVA this 
afternoon. At lower levels, drier air had moved in, so the chance of good 
convection today was slim. PBL-1 scans were taken from 1300-1540, when we 
stood down for the day. No echoes were detected over the network, so Tape 67 
only contains PBL scans. 
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June 23, 1981 
TAPES TIME ON - TIME OFF DATA COLLECTION MODE  
1MT67 1303 1429 100-240,249-324,270-325,260-320 
1MT68 1431 1709 Numerous sectors NW and then E of CHILL 
1MT69 1710 1741 100-175, 90-210 
Hartzell's forecast called for the airmass over us this am to change 
rapidly this afternoon -- NE surface and low-level winds have advected in cooler 
air, while moderate-to-strong W winds have warmed up the mid- and upper-levels. 
A short-wave in Idaho was progged to enter the CC0PE area this PM; 
the resulting convergence could set off moderate to deep convection by late 
afternoon. Many fair weather Cu and a few Cu congestus dominated over CHILL 
during most of the afternoon, but by 5 p.m. the sky was clearing from the west, 
and operations were 'stood down' at 1830. CHILL was in a PBL mode from 1303-
1340, but went into a sector mode when a few weak echoes appeared to our NW (1349). 
CHILL followed these echoes until 1500 -- all the while, the echo of interest 
remained W of us (at 1441:291/43, at 1453:264/42). At 1500, J. Miller informed 
that he had inadvertently been tracking a 2nd trip echo, and we shifted emphasis 
to some weak activity NE of CHILL, going into sector scan mode from 1534-1618. 
After the airplanes left that weak convection, we shifted to a PBL mode of 
sorts (Miller called it a "hybrid") and operated in that situation from 1628-
1741. At 1730, Miller informed that the forecasters were "excited" about our 
chances for great convection (i.e., severe storm potential was good) between 6 
and 9 p.m., so we remained on standby, even though I noted, and informed 
Miller, that NE were evident at 150 km W of us at 1745. With the sky obviously 
clearing, and with NE on the scope, operations were stood down by 1830. 
The maximum temperature at CHILL was 80°, after an overnight 
low of 50° -- no rain fell at the site. 
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June 26 , 1981 
TAPE TIME ON - TIME OFF DATA COLLECTION MODE  
1MT70 1010 1702:28 9 0 - 2 7 0 , 9 0 - 2 3 0 , 9 0 - 2 5 1 , 90 -230 
T h i s was the h o t t e s t day o f the p r o j e c t (93° a t CHILL , 97° i n 
G l e n d i v e , 100° i n Bake r , 95° i n MLS). The f o r e c a s t c a l l e d f o r a n o u t s i d e 
chance o f s c a t t e r e d c o n v e c t i o n , a s t h e c o n v e c t i v e t e m p e r a t u r e was 9 8 ° . CHILL 
t ook 3 PBL scans e v e r y 20 m i n u t e s f r om 1 0 1 0 - 1 2 2 0 , and t h e n took 2 PBL scans 
e v e r y 30 m i n u t e s f r o m 1230-1702 . Some t h u n d e r s t o r m s fo rmed NW of CHILL ( a t 
1 2 4 2 : 2 9 1 / 1 2 3 , w i t h 26 k f t max t o p s ) , b u t t h e s e s to rms moved to the ENE a t 
20 -25 mph and n e v e r a f f e c t e d t he n e t w o r k . A decen t t h u n d e r s t o r m formed 
a round B i l l i n g s , and was o r i g i n a l l y e x p e c t e d to come o v e r t he a r e a f r o m 7 to 8 PM 
b u t i t moved S o f t h e n e t w o r k . (Decent s e c o n d - t r i p echoes were d e t e c t e d by 
CHILL f r o m the t h u n d e r s t o r m to o u r SW, but t h e s t o r m d i d n o t move as f a r N as 
we wou ld have l i k e d . ) Some dBZ v a l u e s between 50 & 55 we re n o t e d , p a r t i c u l a r l y 
i n t he c e l l t h a t went S o f the n e t w o r k and i n a c e l l t h a t was s t i l l 140 km 
f rom CHILL ( t o i t s W) a t 1800. O p e r a t i o n s we re s t o o d down when i t became 
e v i d e n t t h a t n o t h i n g wou ld a f f e c t the n e t w o r k b e f o r e s u n s e t . 
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June 27, 1981 - NEXRAD DAY 
TAPES TIME ON - TIME OFF DATA COLLECTION MODE  
1MT71 0830 1052 360° Scans 
1MT72 1052 1238 360° Scans 
1MT73 1239 1245  360°Scans 
A cold front passed through the operations area this morning, so 
cold air advection occurred in the low levels. The sounding suggested 
that the atmosphere was quite moist (precipitable water 1.05" from surface 
to 500 mb) and unstable (LI = -4.3). A short wave trough to the west of 
the region (W. Montana at 0600) supported thunderstorm development during 
the day. Surface winds were from the W to NW over the network. 
CHILL collected NEXRAD data from 0830 to 1255, initiating a scan mode 
every six minutes. At 0836, echoes existed SW of CHILL at 210/115. Maximum 
dBZ in this echo region reached 33. By 0917, the strongest echo was 28 dBZ 
at 200/85, but other echoes to the SW were weaker. At 0940, the most intense 
echo (dBZ of 33) was located at 225/125. By 1004, echoes were oriented 
WSW-ENE from 240/150 to 150/80. High radial velocities were noted in the 
western end of this broken line. The line had merged by 1130, and velocity 
folding continued along the west end of the line. At 1140, the line extended 
from 235/150 to 145/80, and maximum dBZ was only 28 at 150/80. During the 
next hour, dBZ never exceeded 30, and CHILL terminated recording at 1255. 
The echoes assumed a '3' shape on the scope during the last hour of recording, 
a rather atypical formation, but the echoes weren't particularly strong. 
The precipitation apparently fell from altocumulus clouds, according 
to the Queen Air, which had been involved in a pre-storm study since 1115. 
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June 28, 1981 
TAPES TIME ON - TIME OFF DATA COLLECTION MODE  
1MT73 1331 1458 110-270, 66-139, 139-222, 90-220 
1MT74 1500 1606 90-220, 60-200 
1MT75 1606 1654 60-200, 110-190, 120-149, 105-140 
Many Cu covered the sky this morning. Hartzell forecasted likely 
convection by early afternoon as 500 mb trough moved through, even though we 
were in a post frontal situation at the surface. Cb's up to 7 km were 
possible, he said, if we got some heating. A few lightweight echoes were 
dotted W and SW of CHILL as we initiated PBL-2 at 1330. As these echoes grew 
and extended to the ENE (a trait exhibited by earlier echoes -- long, narrow 
bands oriented WSW-ENE), we began scanning over the network in a mode similar 
to a PBL-1, except for 2 things: l4°/sec scan rate, and max elevation =19.8°. 
By 1428, 2 or 3 regions with dBZ 40 were noted in this developing line, but 
max tops only approached 20 k ft, which was suggestive of Hail in those regions. 
CP-2 reported some 4 mm-diameter graupel at 1431 and CHILL received some hail 
and a brief shower: 1507-1513 (at 1446, max dBZ from 50 to 55 at 155/39 in 
a long SW to NE-oriented echo pattern from 220/100 to 90/90.). Visually the 
clouds didn't look particularly impressive to us, the radar scope was 
much more impressive. CHILL went into another sector at 1559 so we could catch 
the entire line -- Jay Miller was unsure just who was flying the storm, or 
where they were, so we sectored the entire line, just to be safe. 
At 1640 we ran a sector scan to the SE of CHILL, as a plane was 
flying a cell at 135/53, but got out of that scan mode by 1654. Stand down 
occurred at 1704. We were informed that 29 June (tomorrow) would be a down 
day for CHILL. 
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July 1, 1981 
TAPES TIME ON - TIME OFF DATA COLLECTION MODE  
1MT76 1841 1934 Numerous sector scans to W of CHILL 
1MT77 1935 2006 
1MT78 2007 2019 
Sunny and hot early (86° at 9:30 a.m.), then it became cloudy 
and the wind picked up from the NW. 
We had a cold frontal passage late this morning, so Tmax was 
max 
expected to hold in the mid-80's. Abundant middle-level cloudiness existed 
over the network, but lower level moisture was lacking, so no convection was 
expected over the network during the greater part of the day. The forecast 
called for the possibility of late afternoon/evening convection, especially 
W of us. 
During the late afternoon, a cell developed due west of us at 
100 km distance, and a gust front was detected. As a result, 2 planes were 
scrambled to perform a gust front study, and CHILL was asked to scan the region. 
We scanned the region from 1841-2019, and were able to see a fine line in 
advance of the distant cell that was assumed to be the gust front. At 2011, 
coordinates of the gust front were: 270/50 to 245/55 to 230/70. However, the 
airplanes experienced only a couple of weak "bumps" as they flew through it and 
operations were cancelled when it became evident that the cell would never 
make it to the network before dark. CP-2 recorded simultaneously with us 
during this study. 
One interesting feature of this gust front was that, at 1847 it 
appeared as though there were 2 bulges in the gust front -- reminiscent of 2 
outflows intersection, but the dBZ return was decreasing in the cell at that 
time, and since the gust front cell wasn't over the surface mesonet during the 
plane's analysis period, this case wasn't as good as it might have been. 
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July 6, 1981 
TAPE TIME ON - TIME OFF DATA COLLECTION MODE  
1MT79 1525 1744 Sector scans, variable (chaff) 
The weather continued HOT AND DRY today. MLS experienced a wind-
shift at 10:30 a.m., and CHILL experienced this shift to W winds shortly there-
after, signalling the passage of a weak Pacific cold front. The forecast 
called for a weak short wave to move toward the network, triggering convection 
over the mountains to our S & W, and it was mentioned that this activity 
could get into the network by late afternoon or early evening. 
The Ops director decided to perform an all-radars azimuth-elevation 
test by having chaff dumped at 6 random locations within the network. CHILL 
participated in this exercise from 1525 to 1744. Since the convection seemed 
to be too far away, operations were stood down at the completion of the sixth 
chaff dump and resultant scans. No data were collected on storms this date. 
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July 7, 1981 
TAPES TIME ON - TIME OFF DATA COLLECTION MODE  
1MT79 1319 -1618:35 360° Scans until 1607, then sector scans 
(80-2000) 
1MT80 1619:50-1725:25 Sector scans, variable 
This started out to be an extremely hot dry (95° at 10 a.m. in Terry). 
Apparently, the cold front that moved east of us during the day moved back to 
the west of us overnight, and then began moving eastward again this morning. 
It has definitely passed through CHILL by 10:30, as we now have NW winds, and 
gusty ones at that. 
The forecast called for local convection over the eastern part of the 
network by 1 p.m., and, with strong PVA by late afternoon/early evening over 
us the potential for large convection and hail was high for us. Much colder 
and more stable air would move in tomorrow according to the forecast. 
CHILL went into a continuous scan mode at 1319 and remained in it until 
1436; very insignificant echoes were noted. We then took 2 scans every 20-min 
from 1440-1553. By 1530, some echoes began to develop to the SE of CHILL, and 
CHILL began sector scanning at 1613- Some dBZ returns to 35 were noted in 
echoes just E of us at 1615, and these echoes were moving to the NE. We 
followed these cells until 1628, then switched our sector to a region where 
echo development was deemed likely by the ops director (_120°-210°) . At 1645 
CHILL began scanning from 80.-20.0, and this was quickly adjusted to 68-129 and 
then to 23-71 to track 3 decent echoes aligned NE-SW to the NE of CHILL 
(max dBZ 25-30). These scans were terminated at 1725 and we stood down 
shortly thereafter. 
An interesting wind gust line moved through the mesonet from 1900-2045 ~-
strong N winds picked up much dust and bent trees over significantly in 
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Glendive at 2045 (visual ob), and others reported the same strong wind gusts 
which continued for more than an hour at Miles City and Terry -- 50-60 mph 
gusts occurred. 
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July 10, 1981 - NEXRAD DAY 
TAPES 
1MT81 
TIME ON - TIME OFF 
0843 :18 -0929 
DATA COLLECTION MODE 
360° Scans 
1MT82 0931 -1022 360° Scans 
1MT83 1023 -1111 360° S c a n s / 1 1 0 8 , 50-190 
1MT84 1112 -1213 S e c t o r scan 
1MT85 1219 -1328 S e c t o r s u n t i l 1 2 5 5 : 1 0 , t hen 360° scans 
1MT36 1810 -1847 S e c t o r s : 8 0 - 1 1 6 , then 69 -116 
A low pressure area was situated directly south of MLS this morning, 
effecting SE surface winds over the mesonet. Conversely, SW flow existed 
through the 700-500 mb thickness. The low-level SE flow brought moisture 
to southeast Montana, as evidenced by the relatively high dewpoint of 55° 
at MLS at 0600 MDT. The sounding was quite unstable, with a steep lapse 
rate observed between 850 and 500 mb levels. Some high-based convection 
moved into the CCOPE operations area early this morning from the southwest. 
CHILL began recording at 0844 and continued in a continuous mode 
until 1108. At 0900, a line of showers extended NNE-SSW from 80/40 to 
165/55. This line averaged five km in width, but was wider on the north 
end, where maximum dBZ of 40 were noted. This line was intensifying, 
especially in cores on the south end. By 0930, dBZ to 45 were noted in 
the northern cell, and a second cell reached 45 dBZ by 0948. Around 1010, 
a number of cells began to develop 70 to 120 km east of CHILL, and the line 
previously mentioned began to merge with these echoes by 1040. By 1030, 
however, most of the 45 dBZ centers had decreased in intensity. The line 
of echoes continued to decrease in intensity, and by 1108, the maximum dBZ 
cores were only about 30. CHILL shifted to CCOPE sector scans from 1108 
to 1255, then resumed 360° scans for NEXRAD until 1328, when all first-trip 
echoes finally went off the scope or dissipated. 
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July 10, 1981 (Continued) -- 2
From 0930 to 1030, a few cores in the line of echoes appeared to have 
2 cm/hr rainfall rates, but no severe weather was noted during the period 
recorded for NEXRAD. One interesting phenomenon occurred - a very fine 
line moved east and extended from 285/74 to 308/67 at 0854-were not sure 
what caused this fine line or what role it may have played in the development 
of convective activity. 
CCOPE was interested in this activity, and three planes were involved 
in an early storm study by 0930 (Queen Air 304A, Queen Air 306A, and the 
Aerocommander). By 1020, the two Queen Aircraft were working an updraft at 
10 and 14 K feet in a mature storm study, and the Aerocommander was working 
clouds along the northern end of the line. The Sabreliner was making passes 
at right angles to the line of showers in the PBL. The Citation took some 
pictures of this line as well. The mature storm study was terminated by 
1100 since the echoes were weakening. Some electrical measurement comparisons 
were performed among the Schweizer 2-32, T-28, and the Aerocommander. 
CHILL switched to a 50-190° sector scan mode at 1108. At this time 
we detected maximum dBZ near 50 at 80/150. By 1120, the line, still oriented 
NE-SW, extended from 80/100 to 185/110, but a new section of the line extended 
from 80/100 to 80/146 (this formed from the new echo region). Reflectivities 
of 40-45 were located at 90/80. By 1130, most of the echoes were beginning 
to wane as the clouds were glaciating out. CHILL began lowering MAX EL as 
the tops lowered. At 1135, the line extended from 190/115 to 75/110 (still 
widest at North end). CHILL terminated sector scanning at 1255 and reinitiated 
360° scans for NEXRAD data collection, as CCOPE had lost interest by this time. 
CHILL terminated recording at 1328 when all first-trip echoes were off the 
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scope. At 1751, I noted that the date on the processor was wrong -- it was 
set on 8 July instead of 10 July. CHILL resumed recording at 1810 -- we were 
scanning in sector mode and were tracking a thin line of echo over and S of 
CP-3. This was terminated at 1847, and we stood down for the day at that 
time. The maximum temperature in Miles City was 100° this afternoon. 
-58-
July 11, 1981 
Tapes: 
1MT86 
Time on: 
1417:00 
Time off: Data Collection Mode: 
1444:40 sector 225-300, 240-305, 230-305 
1MT87 1446:15 1606:04 230-305, then 360° scans, 280-080 sector 
1MT88 1608:40 1626 280-C80, then 
1806 1836:50 180-280 to follow dvlpng storms, 160-260 
1MT89 1838:00 1915:38 135-210, 135-225, 115-205 (3cm on 1900:45) 
135-190, 125-180 
1MT90 1916:30 1957:56 125-180, 115-170, 110-165, 105-160 
1MT91 1959:15 2050:10 sector scanning big storms (100-165, 100-180, 
90-170) 
Mostly CLOUDY skies dominated over the network this morning, and it 
seemed doubtful that the max predicted T of 100° would verify. Obviously, 
plentiful moisture was available at the low to mid levels, and Curt H informed 
that light, flat convection was widespread over the region, and that it was 
moving to the NE out of the area. 
Some clearing began to occur to the SW by 1130. CHILL did not 
do data collection on any of the weak morning activity. 
Hartzell's briefing informed that general SW flow existed aloft, 
as a trough remained quasi-stationary over Washington and Oregon. With a 
surface low center to the southeast, and a high to our NW, N to NE surface 
winds prevailed over the network. Curt noted that we would not reach the 
convective temp, but since convection was already breaking out to out S & W, 
late afternoon large convection was likely. 
CHILL began performing continuous scans at 1417:00 covering the 
region bounded by 225 to 300. A weak convective line aligned NE-SW was in 
this sector. By 1425, Max dBZ in the line approached 40 and was situated at 
286/22 from CHILL. General dBZ range of the line was 5-25. We weren't topping 
the echo, so max elevation was increased to 14.2° at 1427. Wyoming planes 
continued.... 
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July 11, 1981 (continued)-- 2 
were examining a cloud at 330/20 from MLS at 1434. At 1446, max dBZ return 
was detected at 249/38. At 1459:45, CHILL went into a 36O° scan mode and 
periodically performed 360's until 1556. Jay Miller noted that the echo 
pattern seemed to be primarily due to wave clouds at 1532, the narrow line 
oriented NE-SW to the W of CHILL (at 241/75 NM to 17/39 NM from CP-2) had 
max dBZ to 25. CHILL began a sector scan from 280-080 at 1556, and recorded 
in this mode until 1626 (30 min) continuously. CHILL remained in 
a surveillance mode from 1556-1805 -- during this time, a large area of light 
rain developed in the SW quadrant from CHILL and approached the network by 
1800, max dBZ noted in this region was about 30, while the majority of dBZ values 
wre 15~25. At 1806, the band, 30 km wide on the average, extended from 205/120 
to 260/11 from CHILL. Max dBZ of 35 was located at 208/23, and it was generally 
the case that the highest reflectivities were situated in the southern end of 
the line. CHILL began sector scanning from 180-280 to hopefully track the 
precipitation across the network. By 1845, due to proximity of the echoes, we 
had to increase max elevation to 20.5°, just to leave no echo outside the 20 km 
range ring. At 1852 I noted dBZ to 50 at 180/75 in the lowest 3 degrees, and 
we turned the 3-cm switch on, as hail was suspected. By 1912, Miller 
reported two cells with dBZ greater than 55, and CHILL saw the largest of these 
cores at 168/80 from it. Rapid development was noted in this region to the S in 
the 15-20 minute period following 1855, and CC0PE decided to initiate a 
MS-1 study at about 1910. By 1916, CHILL detected 2 regions of intense (greater 
than 50 dBZ) echo: at 162/82 and at 136/70 from CHILL (Continued ) 
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July 11, 1981 (continued)-- 3 
CP-3 saw an area of 59 dBZ at 200/80 from them. By 1927 CHILL detected a 
large region of 50-55 dBZ (this is probably 5 dBZ low due to sensitivity 
fluctuations) at 159/82. This region is a SUPERCELL by the most-accepted 
definition. A large area of strong echo oriented NE-SW is across the SE part 
of the Doppler network and is moving to the ESE. This represents the most 
severe line of echoes we've monitored so far this summer. 
We thought echo tops extended to 60 kft, but J. Miller informed us 
that his RHI gave him 47 k ft max tops, and suggested that we were fooled by 
SIDE LOBE RETURN (he was probably correct). At 1935 the three max echo returns 
were located at 124/84, 112/94, and 156/85 (the SUPERCELL) -- max top is 
50000 k Ft. A line of echo 35 dBZ and greater was fully developed and extended 
from 160/90 to 115/90. CP-3 reported 64 dBZ at 185/70, and 65 dBZ was observed 
by CP-4 at the same position at 1941 (possible attenuation caused high dBZ's, but 
that was impossible to verify). CHILL continued to move its sector, following 
the storm as it moved to the ESE. Two major cores continued to exist at 
1949 (143/93 & 121/97), and max tops to 45 k Ft were detected. A vault developed 
on the SW end of the line (90/50 NM from MLS) at or around 1955 -- Jay theorized 
that 2 feeder cells were collapsing into the updraft. A feeder cell was 
developing to the SW of the mature line of echoes, and attained a maximum of 
dBZ of 50 at 1957 (location: 158/71 from CHILL). By 2006, CHILL detected dBZ 
to 60 at 137/61, in the supercell. All radars seem to be in decent synchroniza-
tion (3-min cycle types requested [N0AA-D]). CHILL increased its sector and 
speeded up the antenna azimuth rate to 13°/sec at 2010. CP-2 detected a 
Continued.... 
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July 11, 1981 (continued) -- 4 
HOOK ECHO at 120/60 from them at 2011, but nothing more was said about it. 
At 2020, the 3 strongest echoes in the 'line' were 1) the supercell, at 135/122; 
2) the feeder cell at 152/135; and 3) another developing cell at 115/129. All 
the cells were getting close to the edge of the scope. At 2036 it was observed 
that the 3 cells had dBZ between45 & 60, and the max dBZ of about 60 was 
located at 132/137. By 2044 the strongest echo and the feeder cell were both 
going past the 150 km range, and CHILL dropped out of scanning at 2050:20. 
The CHILL crew performed a second calibration of the conclusion of the day's 
operations as the echoes were the most intense we've viewed this summer. 
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July 12, 1981 
Tapes: Time on: Time off: Date Collection Mode:  
1MT92 1420 1524 sectors from 080-135, then 62-110, 
mostly a chaff tape. 
1MT93 1524 1646:05 345-27, then 324-03, 044-083 sectors 
1MT94 1647 1842:10 44-83, 38-73, 08-77, 07-65, 0-60, 
355-55, 343-40 sectors. 
1MT95 1843:40 1857 343-40 sectors. 
Today was warm & humid -- mostly sunny skies dominated over the 
network during the morning hours. 
Hartzel1, however, expected more convection this afternoon and 
evening, as the synoptics were similar to yesterday's regime. The poten-
tial for deep convection to develop was GOOD, even though we had warmed up 
aloft due to some ridging. (This will suppress small convection, but enhance the 
possibility for deep moist isolated storms.) According to MLS' early AM sounding, 
max cloud tops may reach 35-40 kFT. We should reach the convective temp of 
90°. Dewpoints were in the mid-50's. SW flow due to near-stationary trough on 
the west coast continued to funnel in moisture (SWT's), and will do so through 
Tuesday. Look for ES-1 and MS-1 experiments to be conducted this afternoon. 
CHILL was informed that a thorough radar azimuth test would be 
conducted at 1400 utilizing 5 separate chaff dumps. However, these plans were 
scrapped, and early storm studies in the network were initiated instead. Some 
decent Cu were already present over the NE edge of the network, and looked 
to be moving NE. CHILL began sector scanning over the region 83-132° at 
1420 and continued in this area until 1518, when the sector was shifted to 62-
110 for about 6 1/2 minutes. CHILL detected a cell at 125/120 with dBZ to 
20 and a weaker cell at 90/50 with 15 dBZ max at 1433. These cells moved to 
the east and remained constant w.r.t. intensity. We saw a line of chaff 
continued.... 
-63-
July 12, 1981 (continued ) -- 2 
oriented NE-SW centered at 110/35 and W-E (then NE) with the pivot point at 
90/50 in the lower elevation scans from 1454-150 (at least). At 1529, CHILL 
began scanning a mature storm to the NNE (scan 345-27). The first scan 
revealed 3 cells, with the strongest at 355/55 packing 35 dBZ return. Two other 
cells (355/66 and 360/68) had reflectivities to 25 dBZ. Another cell at 10/55 
had dBZ to 35 at 1.5° elevation. By 1539 the echoes from 350/55 to 22/50 
contained max dBZ to 35-40 and were moving eastward. The cells looked weaker 
at 1549:38 -- max dBZ was 35 and was shrinking in size (areal extent) -- the 
line of hi reflectivities was quite thin. CHILL was informed that the planes 
were leavinq this area and were headinq westward. A new sector was initiated 
at 1557: 324-003. The center of interest was 343/16 from CHILL. Max reflectiv-
ities reached 35 in this cell at 1600. 
All the while, the region scanned in an early storm mode contained 
echo, and when the storms began to intensify, the planes headed for them. At 
1607 CHILL began sectoring from 44-83° -- J. Miller saw a well-defined core of 
55-60 dBZ there. CHILL noted dBZ to 50 at 60/60 in a cell 20 km across (W-E) 
and 10 km wide (N-S), and saw a large area of dBZ greater than 40 with values 
to 50 as high as 4.7°. Our cycle time in this scan mode was 1m 45s. The cell 
was moving to the ENE, and was centered at 60/62 at 1618. DBZ values to 55 
were noted at 2.3° elevation, and a large area of dBZ 45-50 were noted. 
Higher reflectivities (50-55) were seen at 3.8° on up. This cell was nicely 
isolated, although another weaker cell did exist at 45/60 -- unfortunately, it 
was not over the mesonetwork. (The velocity field is interesting and deserves 
a second or t h i r d look by researchers . ) At 1630, l o t s of b low-o f f from t h i s 
cont inued. . . . 
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cell was noted as it moved slowly to the ENE. Max dBZ to 55 continued to 
exist in the maximum core at least through 5° elevation. By 1641, some weaken-
ing of this core at levels about 3° was detected, but low-level return re-
mained quite high (no dBZ as high as 50 at 4.7° elevation angle). 
The track of this echo remained ENE -- center of the echo was 
situated at 60/72 and had dBZ to 55 at 2-3°, max dBZ at upper scan (4.7°) 
found max dBZ only 30. The echo was NOT second trip, although it appeared 
that way due to hills to our NE. The cell covered the region from 60/70 to 
60/125 by 1659, and max dBZ was situated at 60/82. CHILL shifted its sector 
to 08-77 and then to 08-65, 355-55 and 343-40 during the next 2 hours as more 
echoes developed to our N. At 1710, it was noted that the echo at 40/80 had 
strengthened (this was formerly the weak echo near the earlier echo of interest), 
and contained dBZ to 55. The strong echo we had been scanning retained dBZ to 
45 as it moved away from us. The max return from an echo at 40/50 reached 
35 dBZ at 1718 (new development), but this echo weakened during the next half-
hour. A new echo of interest developed to the point that it had dBZ to 35 
at 05/42 -- this and the weakening cell to its east (45/45 at 1806) were the 
2 cells of interest at this time, but all the attention shifted to the western-
most cell shortly thereafter (region of interest at 11/42 at 1812). Max dBZ 
in this cell had inched up to 40 at 16/43 (J. Miller referred to it as an 
"immature mature storm."). The 2 cells were merging at 1822. At this time 
the Queen Air was flying in a SE-NW orientation through this complex, but the 
T-28 aborted when it picked up some ICE. General movement of this area of 
echo was toward the NE. The merger seemed to intensify the max core, as 50 dBZ 
Continued.... 
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were detected, but the core had shifted W and was located at 6/49 at 1833. 
Jay Miller reported 50-55 dBZ echo return. The airplanes were examining the 
area to the SE of the max echo return at 1833. This cell was decent-looking 
on the scope, and packed dBZ to 55 at 6/50 around 1837. By 1843, T-28 was 
studying this cell, and CP-2 detected a VAULT at 14/57 from CHILL. By 1848, the 
storm seemed to be going downhill -- the max dBZ core had shrunk during the 
previous 10 min, although max dBZ approached 50. At 1857, CHILL was 
stood down for the day, as the planes lost interest in this cell -- it, too, 
was situated too far north to be of much value for future analysis. 
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July 16, 1981 
Tapes: Time on: Time off: Data Collection Mode:  
1MT96 1134:20 1438:49 Sphere calibration, 110-225 (chaff) 
1MT97 1439:24 1553:25 110-225 (chaff) 
1MT98 1534:32 1649:28 110-225 (chaff), 100-163 (fair weather Cu) 
1MT99 1650 1723:18 100-163 
The forecast was for sunny and warm conditions, with no significant 
convection expected over the network this afternoon. A surface high pressure 
system was located northwest of Miles City, and as it moved over us, light and 
variable winds were forecasted during the afternoon. Dewpoints were not 
expected to rise above the upper 40s. An upper ridge should hold over central 
and eastern Montana the next 2k hours. Southeasterly surface winds were 
expected to slowly advect in moisture over the operations area at low levels, 
and mid-level moisture could reach the southern edge of the area by evening, 
giving us a chance for thunderstorms by late Friday and an even better chance 
over the weekend. 
The Convair 990 requested and was granted permission to conduct an 
experiment making extensive use of chaff cut at 3 cm wavelength; this was to 
start at 1230. CHILL, now sporting its dual-polarization switch, needed to 
perform a sphere calibration, and, with Art Jameson and Dave Johnson on hand 
with radio, we were able to do this between 1130 and 1215. This information 
was recorded on the first half of tape 1MT96. 
The Convair chaff experiment took place from 1300 to 1723. CHILL 
recorded in sector mode from 1358:30 to 1723:18; 110-225 thru 1628:20, 
then 100-163 the rest of the day. No storm data were recorded. 
-67-
July 17, 1981 
Tapes Time On Time Off Data Collection Mode 
1MT100 1140 1214:20 Sectors: 180-310, 180-300, 110-250 
1MT101 1214:47 1308:22 360°scans 
1MT102 1308:57 1337:03 360°scans, then 80-190 and 30-130 
1MT103 1337:30 1410:58 ZDR and 30-141 
1MT104 1411:37 1442:30 30-141, 35-130, ZDR 
This morning, CCOPE informed CHILL that satellite pictures showed a large area 
of convection due west of the network, and they forecast it to affect the network 
by noon. At 1110, CHILL became operational. CHILL detected a large region of echo 
situated west of the network, and many cells with dBZ 40-50 were embedded in this 
region. At 1110, a line of cells was moving toward the east and individual cells 
were moving to the northeast at 20-25 kt. CP-2 had noted dBZ return of 50-60 in 
portions of this echo region, and had noted that outflow from the storm would hit 
Miles City around 1140. According to CP-2, the strongest core would probably pass 
over CHILL. 
At 1129 CP-2 detected two cores with maximum dBZ to 60 at 300/24 ran and 320/21 
nm from them. These cells were moving to the northeast. CHILL initiated a sector 
scan mode, in continuous fashion, from 180 to 310. Maximum elevation had to be 
increased periodically, since these cells were moving toward us. At 1140, max 
elevation was 14.5 , but by 1151, this had become 26.2°. Many echoes with dBZ 
greater than 40 were embedded in a much larger area of light convection. At 1145, 
CHILL noted three main regions of echo with dBZ 45 to 50 at 210/15, 225/31 and 
253/30 from our position. This large echo region was situated mostly in the SW 
quadrant from us, but some echo had pushed into the NW quadrant. By 1155, some 
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activity was moving into the network, so CHILL widened its sector to 110-250 
to cover this invasion of cells. At 1202, we noted maximum return at 200/16. 
The 3 cm return at this point was particularly strong--in fact, it was the 
strongest 3 cm return to date in CCOPE. Another echo with strong dBZ return 
was centered at 228/26, but the strongest cell at 200/16 had exhibited 50 dBZ 
return up to 22.4 kft. 
As the storm moved closer, CHILL increased maximum elevation, and was 
scanning up to 40 at 4 intervals by 1234:45. Very heavy rains began at 1235 
and continued, with gusty winds, until 1250--lighter rain then fell until 1315. 
CHILL received 1.05" from this storm. CHILL suffered through two power outages 
during the period 1237-1243. The line of echoes that hit CHILL was oriented 
NNW-SSE as it passed through, extended from 352/32 to 138/30 at 1253, and 
had moved to a line defined by 12/10-96/13-139/25 by 1306. Maximum dBZ in this 
line was 45-50 as it passed through. CCOPE informed us that we would continue 
to take data on this line, stating "this is the primary line of interest". At 
1318, CHILL began sector scanning 08-190 up to 15.3 elevation as the line con-
tinued its eastward movement, and went to a 30-130 sector at 1326. CHILL was 
'in the clear' by 1335. 
The maximum core at 1349 was located at 96/61 and contained dBZ to 45. 
Another area with dBZ to 42 was located at 100/40. By 1356, most dBZ return 
was in the 10-30 range, although strong echoes continued to exist in this complex. 
A well-defined trailing edge of echo oriented north-south was observed both 
visually and on the radar scope. 
CCOPE lost interest in this complex as it moved farther to the east, and 
we stopped scanning at 1433:40. We then performed some ZDR scans at .7 elevation, 
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81.4 azimuth with the integration time constant switch set to 32 hits 
from 1438 to 1441, and then took 'horizontal only' and 'vertical only' scans 
from 1441 to 1442. No further ZDR data collection was taken. 
The early afternoon weather briefing informed that a surface LOW was 
located in southern Idaho, and that the system was expected to move to western 
Wyoming by evening. A HIGH pressure area to our north was also helping to 
hold easterly surface winds over the area. Dew point values were relatively 
high at the lower levels. A short wave in Idaho was forecast to move eastward 
and help to reinitiate convection west of us that could advect into our area 
of interest. The late convection never made it to the network, however, and 
no more operations were initiated this day. The late afternoon forecast did 
call for convection to develop on Saturday (the 18th). 
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July 19, 1981 
T a p e s : Time on : Time o f f : Data C o l l e c t i o n Mode: 
1MT105 0823: :00 1029: :00 ZDR 
1MT106 1029: :45 1211: :30 ZDR, t h e n S e l i g a ' s e x p e r -
iment 
1MT107 1212: :05 1358: :35 S e l i g a ' s expe r imen t u n t i l 
1254 , t h e n s e c t o r s 
1MT108 1359: :19 1514: :58 1 7 9 - 2 2 9 , 174-224 , power 
f a i l u r e , 150-210 , 145-215 
1MT109 1515: :44 1640: :25 numerous s e c t o r s 
1MT110 1641: :10 1717: :50 2 1 0 - 2 3 5 , EOF, 3 3 0 - 9 0 , ZDR 
CHILL operators noted a thunderstorm that passed south of 
Terry early this morning, and decided to collect ZDR data for Seliga-Bringi 
off this storm, since CCOPE paid little attention due to the time of day. 
The CHILL was operational by 0823 and began collecting ZDR data at that time. 
CHILL scanned from 62-135 to get the entire precipitation region. At 0831, 
the strongest echo was located at 88/124 (dBZ = 40). Most dBZ were in the 
10-to-25 range, and the line of more intense echo, of which the strongest 
echo was a part, extended from 83/83 to 88/124. By 0859, all dBZ were less 
than 40. The 80 km-wide area of rain from 60/110 to 130/120 was moving to 
the ENE. At 0927:30, maximum dBZ = 35 at 90/126 - we were topping all echo 
at 6.5 elevation. The line extended from 50/110 to 95/100 at 4.5 elevation. 
This region of echo seemed to be remaining constant or was decreasing 
slightly in intensity and areal coverage. 
CHILL received a light shower at 1002-1005 from one of a number 
of new convective elements that began to develop around 0930. This area of 
new echoes extended from 110/12 to 117/58 at 1021, and maximum dBZ were 20-25. 
It was in this new region of echoes that CHILL began performing an experiment 
for Bringi. At 1050, it was determined that a cell with maximum dBZ 
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approximately 30 at 122/25 would be the initial primary target. 
A large convective area to the northwest of CHILL with dBZ to 
50 was noted by 1243, and early storm experiments were planned. CHILL began 
sector scanning from 208 to 236 at 1312. A series of cells, two of which 
seemed to be developing rapidly, were oriented in a SW-NE line. The 
strongest echo was centered at 222/63 and had dBZ to 35 - another echo with 
35 dBZ maximum existed at 222/47, and a third cell with 25 dBZ maximum existed 
at 227/25 at 1317. By 1320, dBZ return at 222/63 had increased to 45, and it 
looked like this cell would pass over CP-2. Continuous scanning was 
initiated at 1322, as the cells approached the network. We were instructed 
to follow the cells as they moved eastward, and, of course, complied. At 
1331, two primary cores were noted: 218/65 and 213/46. Both had dBZ equal 
to or greater than 40, with maximum values to 45. The echo closest to CHILL 
seemed to be developing more rapidly, but both echoes were increasing in 
intensity. The southernmost echo contained two return maximums with dBZ 35-
40 at 210/58 and 218/65. 
At 1343, a mature storm study was initiated by CCOPE. Another 
cell had developed to the WNW of the cell closest to CHILL (at 229/45), and 
maximum dBZ to 45 were detected in the new cell. CHILL widened its sector 
to include this cell in the scan. At 1346, CP-2 detected modest regions of 
50-55 dBZ and a few pixels of 60 dBZ in these cells. CHILL measured cloud 
tops to 32kft. By 1400, the most impressive echo on the scope was located 
at214/49. The region of echo that had passed over CP-2 was now east and 
southeast of CP-2, and had lost its strong dBZ cores. CP-2 received only a 
brief heavy shower as the decaying echo passed overhead. The prominent 
echo sported 45 dBZ to 25 kft, and the cloud top was 33.5 kft. 
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A new region of high dBZ (to 45) began to develop, and was 
centered at 224/45 at 1412. Mueller informed that transmitter power was 
increased by 4 dBZ at 1415. This meant that the echoes we saw with 45 dBZ 
were probably stronger by 4 dBZ (dBZ near 50 is likely more accurate, which 
would concur with CP-2 reports. 
Then, at 1417, when open house visitors began to arrive (CHILL 
had scheduled an open house for the townspeople of Terry from 1330 to 1530), 
CHILL experienced a power failure (Mueller said disasters during open houses 
are to be expected!). After three attempt's to reload all the programs and 
reset the antenna control panel, all destroyed by the repeated power fail-
ures, power returned for good at 1430. No data were collected from 1417 to 
1431. Mueller attributed the power failures to a failure in the transmitter 
power supply. 
At 1438, CHILL was scanning from 150 to 210 in a 2m45s cycle 
time. We observed the primary echo, with dBZ to 45, at 179/74, and another 
strong cell was quite close to CP-2 at 1438. At 1458, CP-2 detected dBZ to 
60 at 175/87. Another strong echo at 204/68 had dBZ to 45 at 1502. At 1507, 
the cell almost due south of CHILL was becoming more intense 10 km south of 
where it had been, and the airplanes were working the area around the south 
side of this cell, which was centered at 174/97. All cells seemed to be 
moving to the ESE. By 1532:50, the primary echoes were centered at 187/70, 
166/100 and 148/92, but the echoes seemed to be decreasing in intensity 
fairly rapidly at this time. Some feeder cells located WSW of the line of 
interest caught the pilot's attention, and we began scanning these echoes 
at 1547. We stayed in this operation until 1616:13. 
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CHILL began sector scanning to our SW (210-235) when another 
echo began to develop at approximetely 220/73. By 1641:10, this cell was 
centered at 217/75 and contained maximum dBZ to 35, but reflectivities were 
on the decline. Scanning was terminated at 1654:55, when the planes lost 
interest in the dying cell. CHILL went into a general surveillance mode 
at 1655, and took some fast ZDR scans in echoes north and northeast of 
CHILL until 1717:50. Some dBZ values of 40 to 45 were noted in this 
activity. 
All in all, this was a busy day to say the least. The echoes 
seemed to have reasonably short lifetimes, as far as intense cores were 
concerned; why the cells didn't last longer or continue to develop and move 
through the network like it appeared they would is a puzzle at present. 
Most of the intense cells developed just west of the surface network, so 
this reduces the likelihood that this will be a great case study day. 
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July 21, 1981-NEXRAD DAY 
Tapes Time On Time Off Data Collection Mode 
1MT111 1321:45 1500:05 360° scans to 1440, then 
143-204, 135-200, 124-190 
sectors 
1MT112 1501 1606 114-180, 110-175, 104-151, 
100-145 sectors 
1MT113 1606:52 1712 360°scans 
1MT114 1712:40(est) 1945:25 360°scans 
Sunny and warm weather was the rule this morning at CHILL. ACCAS were 
widespread, especially to our SW, which suggested that the atmosphere was 
decidely unstable. 
A trough of low pressure along the Montana-North Dakota border was a 
possible triggering mechanism for thunderstorm activity this day, but the 
fact that the convective temperature was expected to be easily attained in a 
situation where the lapse rate was exceedingly steep gave the mesonet a decent 
chance for scattered showers. No frontal zones were expected to influence the 
area, but a weak short wave will increase instability at 500 mb. 
CHILL recorded for NEXRAD from 1321:45 to 1440, then shifted into sector 
scans for CCOPE until 1605 before recording more NEXRAD data until 1712. 
Scattered small airmass showers were seen at 1321, particularly to the southwest 
of CHILL. A few cells contained dBZ to 45 (one of these was at 240/41 from 
CHILL; another was centered at 66/74 near Glendive, MT). Most echoes exhibited 
less than 30 dBZ reflectivity. At 1345, a cell at 255/58 had maximum dBZ to 
45, and CCOPE scientists expressed some interest in it. By 1358, this echo 
was situated at 259/48; another intensifying echo at 100/30 had dBZ to 50, and 
lightning was visible from CHILL. This cell reached 33000 ft. by 1414, and 
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the echo to the WSW of CHILL (260/40) had reached 32000 ft. and had intensified 
to 55 dBZ. At 1418, a region of dBZ _40 existed from 96/29 to 140/55. A new 
cell centered at 185/42 began to develop rapidly by 1430, and CCOPE decided to 
concentrate its experiments on this cell. Maximum dBZ was 45 and increasing, 
and the planes were going to study this cell. Definite convergence was noted 
in the velocity field of this storm at 1444. At 1450, maximum dBZ reached 55 
at 158/49, and the cell was moving to the ESE at a fairly rapid rate. By 1503:30, 
the most intense core was located at 147/53 (50 dBZ, and dBZ > 40 to 23.3 k ft). 
At 1535:45, the main cell was situated at 124/79 with maximum dBZ to 50. There 
was a great example of a second-trip echo just west of the strong echo we tracked, 
and this would make a great training tape (TAPE 1MT112). The core was at 124/84 at 
1545, so it was moving from the west northwest at 30 MPH. This cell was cen-
tered at 123/87 at 1551, and maximum dBZ still approached 50. CHILL received a 
few sprinkles from the anvil overhead around 1554. We stopped tracking that echo 
at 1605, and reinitiated 360 scans. At 1628, the primary echo region extended 
from 287/32 to 60/85 in a 40 km wide band. Reflectivities to 45 dBZ were seen 
in a couple of cells, and dBZ to 55 was seen at 290/28 around 1630. Most of 
the strongest cores, however, were aloft at this time. The cells were moving 
to the ENE during the data collection periods. 
From 1712 to 1945, CHILL ran a ZDR experiment on different raincells. 
These storms were being scanned by other radars, but CHILL did its research 
independently. CHILL scanned 0 to 90 from 1712-1733:40; maximum dBZ of 
echoes in the sector approached 40. A second sector was set up, and CHILL 
scanned 139 to 158° from 1857:15-1945:25. At 1857, the primary cell in this 
sector was located at 153/94. Its maximum reflectivity was 35-40 at 1911, but 
intensified to 45 by 1921. When the ops director finally released CHILL, the 
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ZDR experiment was terminated (it was run while CHILL was on standby mode). 
A number of planes were involved in operations this afternoon. Two 
independent studies were conducted; a mature storm study in the Doppler area 
and an early storm study south of Miles City. The Citation was involved in 
both studies, and photographed clouds from 1341 to 1725. The early storm study 
involved the NCAR Queen Air 304A, the Wyoming Queen Air and the Aerocommander, 
and was centered on a line of cumulus congestus clouds. This experiment took 
place from 1400 to 1647. The Sabreliner, T-28 and Wyoming King Air participated 
in the mature storm study from 1430-1605 (the King Air continued until 1715) 
on the cell that the CHILL was sector-scanning. The NASA Convair 990 collected 
data for an anvil cloud experiment (SP-10) and a gust front experiment (SP-11) 
from 1547-1937. 
-77-
July 22, 1981 - NEXRAD DAY 
Tapes Time On Time Off Data Collection Mode 
1MT114 1230:00 1431:40 360°scans until 1316, then 
135-189, 130-184, 148-238, 
147-197, 146-200, then 360° 
scans again 
1MT115 1432:10 1536:30 360°scans until 1532, then 
130-245 sector 
1MT116 1537:00 1607:40 130-245, 162-277, then 360° 
scans - 352-142 at 1605 
1MT117 1608:47 1638:15 352-142, 20-163, 85-135 
1MT118 1639:25 1729:02 85-135 
1MT119 1730:02 1809:00 85-135, 75-125 
A low-level trough was oriented N-S over the eastern half of the operations 
area. With dewpoint temperatures in the mid-50's and convergence at low levels, 
showers and thunderstorms were possible in that region. The atmosphere, while 
lacking in moisture (precipitable water =9.6"), was highly unstable owing to a 
deep sharp temperature lapse rate. The convective temperature, 85°F at MLS, was 
expected to be reached by 1300. In addition, a weak short wave trough was ex-
pected to move into central Montana by mid-afternoon, setting off convection to 
the west of us that could move in by evening. 
CHILL began recording 360 scans at 1230. The operations director wanted 
us to look above the PBL for possible storm development, so we went from 0.5 
to 4.5 in 1 steps and then went to 44.5 in 8 steps. At 1300, a series of 
echoes existed from 245/127 to 264/116. Maximum dBZ was 50 at 254/119, and 
the cloud top reached 32000 ft. CHILL sector-scanned from 1319:30 to 1408, 
then reverted back to our previous mode of operations. At 1500, echoes with 
dBZ greater than 45 appeared in a scattered fashion on the scope, with the 
heaviest precipitation occurring to the southwest of CHILL (four primary 
cores existed at this time: 220/46, 196/30, 247/50, and 273/44 from CHILL). 
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A meandering line of echoes extended from 306/32 to 226/67. Although most 
dBZ return was <35, more intense cores existed. An echo at 273/44 exhibited 
55 dBZ return up to 4.5° elevation angle. Numerous echoes began to develop 
to the northeast of us, although the strongest showers remained to our west. 
At 1514, a 55 dBZ return was noted at 268/37. Maximum reflectivities at 
high elevation angles existed at 275/31 at 1520, and 55 dBZ was realized at 
263/25. CHILL began sector scanning this region (or line) of echoes at 1547 
(162-277°). The T-28 had just taken off and planned to penetrate the echoes. 
At 1552, dBZ to 55 were noted at 261/16. By 1557:35, the echoes were getting 
so close that 360 scans were reinstated - a large region of dBZ to 55 was 
centered at 80/17 (CP-3 reported 66 dBZ from this area) - the main echo 
developed just east of CHILL and we received a brief shower only from the 
system as it passed over us. 
It was raining at 1600 at CHILL, and winds were gusty, but only .08" was 
received. Strongest echoes existed at 248/10 and 320/27 (dBZ probably >50). 
CHILL went into the following sector mode at 1605:45 and stayed in it until 
1612:45: 352-142-18°s-1 12-65-2. We then began to shift the sector eastward 
as the storm moved. At 1617:45, a large region of dBZ 40-45 was centered at 
97/22 from CHILL. CHILL began taking lower elevation scans again at 1628, 
and went from .3 to 25 from 85 to 135 (1633). At 1643, a line of echoes extended 
from 95/28 to 120/58 and exhibited continuous return > 40 dBZ, with maximum 
cores to 55 dBZ. This line was 4-5 Km in width, and had a serpentine shape. 
The 3 cm observed dBZ to 75, suggesting HAIL was falling from parts of this 
line. By 1648, the maximum core existed at 107/47 - dBZ to 55 were observed 
by 10 cm radar. The main core of this line on the south side passed approximately 
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10 Km north of CP-4 by 1657. 1700 description: 55 dBZ at 108/45, but 
strongest cell was located at 115/63, according to CP-4. This area near 
CP-4 is definitely the largest strong echo. Good inflow into both of these 
cells was noted in the radial velocity fields. The storms continued to move 
generally to the EAST. The well-defined region of dBZ to 55 existed at 12/73 
by 1709. At 1721, the large cell 106/69 from CHILL seemed to be intensifying 
and was spreading to the SE - 55 dBZ was definite in this cell, and the primary 
intensity seemed to shift to 99/89 by 1736:35 (55 dBZ noted). CHILL continued 
to track this cell until 1809, when recording was terminated for the day. 
Again, great cells developed, even though moisture was supposed to be 
lacking - apparently isolated cells have no trouble forming and complexes can 
be generated whereby maximum use is made of existing low and mid-level moisture 
supplies. 
The Queen Air N306A, Aerocommander, and Wyoming Queen Air participated 
in an early storm experiment from 1313 to 1433. Unfortunately, an icing 
problem on the Aerocommander prevented coordination between it and the Wyoming 
Queen Air, so the Wyoming plane took no data. 
Some hail was received northwest of Miles City (330 /10 run) between 
1400 and 1452 - maximum diameter was approximately 8 mm. 
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Tapes: Time on: Time off: Data Collection Mode  
1MT119 0953:40 1014:55 ZDR Scans - 190-360° sector 
1MT120 1015:40 1114:35 190-360, then 360 scans until 1035 -
sector scans, variable 
1MT121 1115:05 1245:20 various sector scans 
1MT122 1246:05 1450 ZDR experiments - various scan modes 
to end of day 
1MT123 1745 1806  
It appeared as though storms existed to our north and west 
at 0820. CHILL initiated slow (3°s-1) ZDR scans at 0953:40. A band of 
rain was oriented W-E across the northern half of the network, and a 20 
km-wide line of echoes extended out of this general rain area to the south-
southwest (from 313/43 to 227/55). Maximum reflectivities were up to 50 
dBZ at 253/43. By 1015:40, the most intense echoes were located in a 
10 km-wide band from 223/42 to 248/19. At that time, dBZ values ranged 
from 35 to 50 in this line. The line was moving to the east at 25-30 
MPH. At 1026, the strongest echo was at 210/29 (dBZ=50), and it seemed 
to be retaining its intensity. CHILL began sector scanning over the 
southern half of the scope, thereby dropping out of scanning the rain to 
the north, and settled on a 90-220 sector at 1044. A heavy rain shaft 
existed to the south southwest of CHILL at 1047, and it was moving fairly 
rapidly to the E or ESE - we received only a trace of rain at the site. 
At 1035, the maximum core existed at 197/24, and had moved to 150/26 by 
1051 with reflectivities to 50 dBZ noted. A large area of dBZ 35 was 
situated directly over the triple doppler triangle formed by CP-4, CP-2 
and CHILL, but CP-2 and CHILL were the only radar in a recording mode. 
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At 1057, the strongest echo was located at 133/38, had dBZ to 50, and was 
moving to the east at approximately 50 MPH. CHILL narrowed its sector to 
90-180 at 1102 - at that time, a 5 km-wide line of echoes with dBZ 35-40 
stretched from 130/43 and was the region that exhibited the highest reflec-
tivities. 
The SELIGA polarization experiment hoped to center on a strong 
echo at 125/25 that possessed dBZ to 50, if the planes could reach it before 
it moved over North Dakota. CHILL shifted its sector to 80-160 to track 
this cell at 1113, then shifted to 75-140 at 1135 and 60-120 at 1146. 
At this time, the KingAir was airborne and on its way to the cell, as was 
the T-28. These two planes proceeded to penetrate and study the echo of 
interest until 1316. After this, CHILL sectored various cells of interest 
to SELIGA until 1450. At 1740, we performed a ZDR calibration using the 
sun. CHILL terminated operations at the completion of this calibration. 
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Tape: Time on: Time off: Data Collection Mode:  
1MT123 1444 1725 Various ZDR Scans 
The forecast for widespread rain didn't verify - the CHILL 
site experienced partly cloudy to cloudy skies and cool weather but no 
rain today. Although the morning forecast held out hope for late-after-
noon convection over the southeast portion of the network, the updated 
forecast at 1400 tended to downplay our chances for rain. The only storms 
of interest formed about 120 km south-southeast of CHILL and moved to the 
east during the mid-to-late afternoon, but CHILL collected no data for 
CCOPE on these storms. 
Because SELIGA was here, CHILL did become operational and 
record data from a chaff experiment from 1444-1725; the last 1/2 of TAPE 
1MT123 was used for this. No storms were tracked this day. 
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Tapes: Time on: Time off: Data Collection Mode:  
1MT124 1938 2117:40 ZDR experiment conducted - CCOPE not 
involved 240-335,285-350,286-16,295-25, 
305-35 
1MT125 2119:30 2228:50 305-35, then 360° Scans 
1MT126 2229:30 2337:50 360° Scans and RHI's 
Nearly clear skies were the rule over eastern Montana this 
day. The forecast called for a few fair weather cumulus to form over the 
network by early afternoon; as a stable layer existed at the 600 mb level, 
cloud tops were not expected to exceed 15 kft (-4 C level). At upper 
levels, a ridge moved over Montana, so the afternoon was expected to be 
dry and stable over the CCOPE network. 
By mid-afternoon, blow-off from a storm far to our northwest 
was wafting over CHILL, and the lightning detector was registering cloud-
to-ground strikes to the northwest. CCOPE stood down all radars at 1400 
for the rest of the day, but this action was taken before the storm began 
to develop and was based on the forecast that nothing would. Since SELIGA 
was still here, and it became apparent that this storm was approaching the 
network, we decided to track it for ZDR purposes. CHILL began recording 
data at 1941:50 and continued until 2337:50. Echoes with 40 dBZ reflec-
tivities existed at 312/49 at 1942, and, as the night wore on, the storm 
passed to the north of CHILL (storm movement was toward the ESE). However, 
more storms developed northwest, west and southwest of CHILL, and at 2145, 
a 45 dBZ echo brushed CHILL, depositing some small hail and heavy rain for 
a brief period, and then lighter rain for another 30-35 minutes. CHILL 
received 0.32" from this storm. 
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SELIGA decided to track the rainfall region until it left the 
network. The primary echo region, possessing dBZ values of 30 to 45, moved 
ESE across the northern third of the network, while areas of light continuous 
rain existed northeast, south and northwest of CHILL. Maximum tops of 
the clouds were 34000 ft. SELIGA noted a change in appearance of the ZDR 
pattern around 2045, and theorized that the rapid cooling at sunset might 
have accounted for this. He also theorized that the uniform nature of the 
early ZDR displays could be explained by the fact that we were observing 
supercooled water droplets. 
Numerous lightning strokes were noted north and northwest 
of CHILL around sunset, lightning overhead and to our southwest was dominant 
around 2130, and most lightning seemed to be east of our position after 
2200, although some strokes were detected to the southwest. Tree limbs were 
blown down in the town of Terry (about 15 miles southeast of CHILL) from 
the strong cell that passed over the network, and an apparent gust front 
was detected by the PAM, as some CCOPE personnel mentioned the following 
morning. CHILL was the only radar that recorded during this storm, so 
it follows that no dual-doppler data are available for this storm. The 
forecaster informed us that a short wave trough developed unexpectedly 
at the 800-850 mb level during the late afternoon and triggered the con-
vection over the network. 
-85-
July 29, 1981 
TAPES ON OFF DATA COLLECTION MODE  
1MT127 2003:00 2104:25 Sectors: 140-205, 144-184, 139-179, 
130-170, 124-169, 100-166 
1MT128 2105:42 2118:00 100-166 
Today was sunny and warm across the network. Some ACCAS were in the 
SW sky by early afternoon, suggesting that the atmosphere was unstable. 
However, Hartzell's forecast wasn't all that favorable: he expected sunny 
and hot conditions, with little chance for thunderstorms moving in this 
evening. Some local convection could develop, he said, as Tmax in MLS 
should hit 95°. A frontal system west of us was expected to move in late 
tonight, giving us a chance for some convection. 
By late afternoon, a line of modest echoes oriented N-S began to move 
into the range of CHILL, and CCOPE became interested in the system by 2000. 
CHILL began recording at 2003; maximum reflectivity was 45 dBZ at 173/118, 
but another maximum (to 40 dBZ) existed at 167/67. CHILL initiated a sector 
scan over the line at 2006, and adjusted this scan eastward as the line moved 
that way. A cell on the northern end of this line began to intensify rapidly, 
and exhibited dBZ to 50 at 2013 (position: 162/59 from CHILL). This echo 
remained rather strong and moved to 152/53 (to the ENE) by 2025: the planes 
were interested in this cell. By 2031, this cell had begun to deintensify 
rapidly with respect to reflectivities noted by CHILL, and the planes left 
this echo by 2038. The planes headed to the south, where dBZ to 40 was noted 
at 155/112 at 2039. At 2044, 2 echoes were prominent: they were located 
155/112 and 156/132 from CHILL. The storms seemed to degrade gradually, from 
2040 on, but it should be noted that the velocity field was interesting at 
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2045, showing convergence at 155/112 and a possible gust front pushing 
northward from that area. Maximum dBZ at 151/126 had fallen to 35-40 by 
2050, and 3 dB ZDR signal was noted. By 2105, the cells over the network 
had died, and the planes were headed back to MLS or were in the last stages 
of studying the weakening storms to the SE. For example, maximum dBZ on the 
scope* at 2110 were only 25-30 at 146/130 - what was left of the line extended 
from 131/110 to 152/152. CHILL was stood down at 2115, even though strong 
winds began to buffet us at 2128, and lightning seemed to intensify over 
and around us between 2130 and 2200. Even so, only Trace amounts of 
precipitation were received in the region from these late storms. 
*in our sector 
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August 1, 1981 
TAPES ON OFF DATA COLLECTION MODE 
1MT129 1439:30 1601:12 Numerous sector scans 
1MT130 1602:08 1701:30 106-153, 102-139, 100-138 
1MT131 1702:20 1756:03 100-138, 92-120 ~> 33-120, gradual widening 
of sector to include NE quadrant 
1MT132 1757:10 1829:45 33-120, 55-130, 55-170 
1MT133 1830:30 1904:15 55-170, 90-180 
1MT134 1905:05 1940:08 90-180 
1MT135 1940:48 2042:00 90-180, 90-165 
Moist air to the southeast of the operations area on July 31 had been 
advected over the area by this morning as a HI pressure ridge moved to the 
east of Montana. Surface winds were from the SE, and dew point values were 
in the 58-60° range (high for this area) over southeast Montana. The 
morning sounding was quite unstable, and the convective temperature was 
expected to be reached by early afternoon. A LO pressure area was developing 
in and near the operations area, and the associated convergence at low levels 
combined with strong WSW flow aloft (to 60 kt at 500 mb) giving divergence 
these gave us the potential to have, as Chuck Wade of NCAR-CSD stated, 
"possible storms as strong as the July 11 case." 
CHILL began recording in a sector scan mode at 1439:30 - some weak echoes 
were developing rapidly at 120/59 and were apparently drifting to the east. 
A ZDR scan was taken every other cycle (each cycle was 2 m 45s in length). 
By 1452, the echo of interest was centered at 106/75 and had maximum dBZ to 
30. A time hack taken at 1503 revealed that CHILL was 9 seconds slow (true 
time: 1503, tape time: 1502:51). The echo of interest continued to 
intensify, and dBZ to 35 were noted at 1510, to 40 at 1513, and as high 
as 45 at 110/80 around 1520. By this time, the top of this cloud was reaching 
to 35000 ft. This storm seemed to peak out around 1525, with dBZ values to 
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50 noted at 110/80 at low scans. Intensities seemed to decrease somewhat 
at upper levels, however, suggesting that the storm was winding down. CHILL 
topped the echo at 37000 ft. For the most part, this cell exhibited 0.75 to 
2.25 dB ZDR. 
More echoes began to develop to the east and south of CHILL, as well 
as to our northeast, and CHILL shifted its sector to 100-163 at 1543:20. 
At upper elevation angles (10-16°), dBZ to 55 were noted at 118/35, and at 
low elevation angles, dBZ greater than 40 were noted. ZDR scans will be 
done every 4th cycle from 1549:45 on. By 1554, two cores exhibiting dBZ to 
50 were located at 103/39 and 135/40. CP-3 reported 1.5 cm hail at the ground 
at 1555. Cells were developing rapidly at this time - 3 decent cores of high 
dBZ noted by 1557:28, and 2 near CP-3 exhibited 55 dBZ (CP-2 detected dBZ 
to 60 in these echoes). At 1600, maximum reflectivities were noted at 100/42, 
but 4 separate areas of dBZ from 50-55 existed at this time. CP-2 detected 
dBZ > 60 at 136/46 at 1605 (almost due SE of CHILL 28 miles). 
The Sabreliner was performing cross-anvil pentrations at this time 
in a NNE-SSW pattern, and the Aerocommander and Queen Air N306A were at the 
130 and 140 radial from CHILL. Some aircraft left the cloud of interest 
because 1-2 cm hail was in the cloud (they "turned out to avoid the rocks"). 
By 1624:50, dBZ of at least 50 existed in the left hand side of the 
storm to the southeast of us. The area of strongest development continued 
to be ESE of CHILL - at 1643:35, dBZ to 50 were detected at 117/56. By 
1647, a decent region of dBZ from 40 to 55 extended from 117/65 to 111/57 
(actually, 2 separate areas of high reflectivity existed at low levels and 
1 elongated region existed at upper levels). Maximum top of this complex was 
seen at 40000 ft by CHILL and 42000 ft by CP-2 at 114/65. 
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CHILL experienced some power surges which have probably caused clock 
error on the tapes - this problem was especially bad around 1630-1645 and 
again from 1700-1709. 
At 1659, two regions with 50 dBZ were noted: 114/65 and 114/75. By 
1715:10, the maximum core at 113/74 contained 50 dBZ, but the cell was less 
intense with height and appeared to be deintensifying. At or around 1720, 
maximum reflectivities from 35 to 45 dBZ were noted in two echoes along 
the 112° radial at 74 and 83 km from CHILL. 
CHILL began to experience strong outflow from a big storm to the 
northeast at 1727, but our sector remained fixed at 100-138. Within a 
couple of minutes, blowing dust had reduced the visibility to < 1/2 mile 
at CHILL. The clock also continued to give us problems, as it suddenly 
read 4 hours fast at 1731. 
CP-2 lost their rotary regulator at 1731:30, so CHILL personnel took 
it upon themselves to open up our sector to see what was transpiring to 
the northeast of us. The development there had been dramatic - a huge 
storm, with dBZ's in the 50-60 range, was centered at 55/42 at 1735. CHILL 
was sectoring from 35-120 at 1735:40, and widened to 33-120 at 1741. Strong 
attenuation was detected on the 3 cm at 1743, with the strongest cell 
centered at 78/36. More clock problems were encountered from 1747-1752, 
so we switched the clock back to commercial power at 1752. 
Reflectivities of 55-57 were noted at 77/44 around 1748, and large 
areas of dBZ greater than 45 were noted to E and ENE of CHILL at this time. 
The sector was narrowed to 45-130 at 1754:22 and to 55-130 at 1802, when 
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much 'folding' was noted in the velocity field. CP-4 reported hail at 
1804:30, and CP-3 reported 2.5 cm hail (a "gutful") at 1808. 
The storms, oriented in a NNE-SSE fashion, were moving to the ESE. 
At 1813, the 3 cm radar had light blue return, indicative of hail at those 
locations, which correlated well with the surface reports. An interesting 
development took place about this time over the Doppler network. For the 
past several hours, a thin line of echoes had extended in a ENE-WSW manner 
across the network but had not noticeably changed its appearance. However, 
as the big storm moved to the ESE and approached the ENE-most end of the 
thin line, the thin line began to develop into a squall line across the 
network. At 1814, the maximum reflectivities were noted at 101/56, but 
the new line of rapidly developing storms extended from 80/110 to 160/60 
(CHILL widened its sector to 55-170 and lowered maximum elevation to 18.0° 
at 1816:55). At 105/60, 55 to 60 dBZ were detected. CHILL's sector was 
narrowed to 75/170 at 1824, and it was at this time that NOAA-D began to 
report hail at the ground. At 1824:30, 1.5 cm hail; 1825, 2 cm hail; 1826, 
2.5 cm hail - the quote of the day from NOAA-D followed: "Anybody have a 
hard hat out there?". CHILL continued to take a ZDR scan every other cycle, 
which was lasting 2 m 45s. At 1830, it was seemingly discovered that the 
velocity field looks different when ZDR switch is on. At 1835, a large 
area of 55-60 dBZ was centered at 143/58, and another strong core was 
centered at 98/77. The line was now oriented more NE-SW (96/75 to 176/62). 
CHILL began taking 3 velocity scans and 1 ZDR scan at 1835. By 1839:30 
NOAA-D was reporting greater than 1" diameter hail ("it's incredible"). At 
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1842, NOAA-D claimed that "it wasn't safe to collect the hail anymore." 
CP-4 was reporting 1.25"-diameter hail, heavy rain and visibility less 
than 1/2 mile. Four cores with dBZ 55-58 were noted, 3 of them in the 
line and 1 to the east around Glendive. CP-2 saw dBZ > 60 at these spots. 
Maximum top were 43000 ft, but many tops exceeded 40000 ft in the line. 
CHILL shifted its sector to 90-180 and lowered its maximum elevation 
angle to 13.6 by 1851. A series of intense cells existed from 155/60 to 
122/80, and 2 other strong cells existed to ESE of CHILL (on the 100° 
radial at 90 and 110 km). Echoes between 155/60 and 122/80 exceeded 45 dBZ 
nearly continuously, and cores approaching 60 dBZ were noted at lowest 
elevation angles. Maximum tops were 44000 ft. By 1902, the cell of interest 
was centered at 148/63 and contained dBZ in excess of 55, and aircraft were 
converging on this storm. This cell intensified to 60 dBZ by 1912, and a 
strong velocity gradient was noted in the line of echoes of which this cell 
was a part. The aircraft operations centered at 146/95 from CHILL at 1920. 
At 1923, the big cell centered at 135/90 still contained dBZ's in the 
50's, and an echo centered at 140/78 was intensifying rapidly, but the 
centers of maximum reflectivity at 1926 were situated at 112/123 and 130/90. 
The log noted that the center of the strongest echo was 138/93 (dBZ 55-58) 
and that the line extended from 106/142 to 138/93. This line contained 
numerous echoes with significant areal extent that contained dBZ > 45. 
A large area of 55-60 dBZ from the surface to 4.3° elevation angle existed 
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at 139/96 at 1937-cloud top was 45000 ft. By 1945, the strongest region 
of echoes was oriented NE-SW from 135/100 to 145/93, and the aircraft were 
concentrating on an area on the southwest end of this line. CHILL sectored 
from 90-165 from 1951 to 2008, when scanning was terminated. At lowest 
elevation scans, the two cells of interest seemed to be merging (these 2 
cells were at 155/100 and 145/93). 
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August 2, 1981 
TAPES ON OFF DATA COLLECTION MODE 
1MT136 1645 1733:50 265-345, 259-331, 239-331 
1MT137 1734: :45 1811 239-331, 230-320, 215-319, 209-359 
1MT138 1811 1904:15 209-359, 360° scans, 10-160 
1MT139 1904: :56 2004:40 10-160, 40-160, 224-336, 204-308 
1MT140 2005: 20 2047:22 204-308, 148-225, 130-190, 120-180 
1MT141 2048: 10 2115:40 120-180, 110-180, 95-170 
1MT142 2116: 17 2133:46 95-170 
Bernice Ackerman called from MLS and informed that possible severe 
weather could occur this afternoon. The sounding was quite unstable, with 
a dry adiabatic lapse rate from the surface to 700 mb. The convective 
temperature of 88° was expected to be reached by early afternoon, as 95° 
was forecast to be the high temperature at MLS. A short wave in western 
Montana this morning was expected to be the dynamic trigger for robust 
convection by mid-afternoon. The only major concern was a subsidence inversion 
that existed at 650-600 mb, but surface dewpoints were 8 to 11° lower than 
yesterday over the network (Lower 60's were recorded yesterday) as well. 
Still, optimism (due in part to persistency) prevailed. 
In an early afternoon flight, the King Air found a more shallow 
moist layer than had been anticipated, but storms began to develop far to 
our west by mid-afternoon and move toward the network. 
CHILL began recording at 1645, but at 1706 shifted its azimuth sector 
to 259-331 and upped maximum elevation to 11°. By 1717, maximum elevation 
had been increased to 16.0° as the storm moved closer to CHILL. At 1723, 
the maximum dBZ of 55+ was centered at 275/60, and dBZ to 55 were noted at 
265/43 by 1732:20. The sector was shifted to 230-320 at 1738:30, and a 
2 m 58 s cycle time was achieved. A large region of dBZ > 40 existed from 
255/45 to 285/40. The area is closest to CHILL at 260/25. It began to 
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sprinkle at CHILL just before 1800 as the line, with 45 dBZ echoes throughout, 
extended from 230/31 to 291/25 in a N-S orientation and was moving to the 
ESE. By 1807, the highest dBZ levels were concentrated due west at 20 km 
and to our southwest at 25 km. 
At 1811, dBZ values from 40 to 55 existed from near CHILL southward 
to NOAA-K - a few minutes later, 3 cm hail was falling at NOAA-K. A possible 
hook echo was detected by CP-2 near NOAA-K at 1819. Jay Miller informed us 
that "a 60 dBZ core to the west of CHILL is decreasing in size, but another 
60 dBZ core to the SSW of us is producing 3 cm hail at the ground". The 
highest reflectivities are along the CHILL - NOAA-K baseline at 1822. NOAA-C 
lost antenna control for a period centered on 1823. At 1825, an area with 
dBZ greater than 50 existed in a 15 km wide band from 270/10 to 160/25. 
Negative ZDR return was detected just east and south of CHILL at 1825 
(values: -1.5 to -2.25 dB). Hail was suspected to have been falling in 
this region. 
NOAA-C reported hail at the ground at 1840, and CHILL began receiving 
some marble-sized hail at 1842 (1/4 to 1/2" diameter). NOAA-C reported at 
1845 that they had some 1" diameter hail. At 1853, the strongest echoes 
extended from near CHILL south-eastward along the 120° radial about 30 nm. 
NOAA-C reported "gale-force winds"at 1855. By this time, CHILL had shifted 
its sector to 10-160, as all storms of interest were to the east of us. At 
1902, CP-4 reported 3 cm hail was being collected at their site. This may 
in part explain why the maximum dBZ of 55+ was observed at 116/69 (near CP-4) . 
EAM reported that CHILL had received 0.50" of rain from the storm as it 
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passed over. CHILL's sector shrunk to 40-160 at 1918:30. At 1923, the 
line extended from 70/40 to 140/80 and contained dBZ 35, and dBZ of 50 
to 55 were noted at 130/75. Jay Miller informed us that a cell 40 nm west 
of us at 1926 might deposit hail on us later. CP-4 reported 4 cm hail at 
the ground at 1930. At this time, the T-28 was making penetrations due east 
of MLS about 45 nm. 
CHILL shifted its sector to 224-336 to begin tracking a second storm 
as it headed directly for the network. For this storm, CHILL took SLOW ZDR 
scans and FAST ZDR scans. The gust front from this storm passed over CHILL 
between 1945 and 2000, and gained rapidly on the mammatus left over from the 
earlier storm. The roll cloud was photographed and was impressive. At 2005, 
a large area of dBZ 55-60. was centered at 220/45 from CHILL - this area was 
aligned N-S and was approximately 20 km in length. CHILL received some 
pea-sized hail beginning at 2012; this lasted only a few minutes, and then 
we received about 1/10" of rain, as most of the activity moved to the south 
of us. By 2018, the maximum core was situated at 203/37 - pixels to 60 dBZ 
were detected. As this strong region of storms moved to the ESE across the 
network, CHILL shifted its sector to follow it (148-225 at 2030, 130-90 at 
2036, 120-180 at 2044, and 110-180 at 2049). At 2057, the storm, which 
had exhibited dBZ from 50 to 63 throughout its trek to the ESE, was centered 
at 135/62 and contained reflectivities from 55 to 60 dBZ. The strongest cell 
extended from 130/60 to 143/77 and dBZ values exceeded 45. The 2100 
observation revealed that the line was oriented from 100/50 to 135/80, and 
then southwestward to 170/80. A large area of dBZ 55-58 up to 7° elevation 
angle could be found at 136/72 at 2104. The dBZ maximum hit 60 (and maybe 
higher) in this cell at 2108, and maximum top was 48000 ft. CHILL continued 
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to track this cell until 2133, when CHILL was 'stooddown' for the day -
the planes hadn't bothered to do much with this system - basically, it was 
a radar exercise only, but the storms were quite impressive, and all radars 
seemed to be working as well as possible, so the data should be interesting. 
Tornadoes occurred near Baker and Melvyn from the first wave of storms . 
-97-
August 4, 1981 
TAPES ON OFF DATA COLLECTION MODE 
1MT143 0841:30 0925:40 251-021, 360° 
1MT144 0927:49 1103:45 360°, 99-125, 78-130, 78-120, 360° 
1MT145 1208:15 1853:30 347-027, 353-033, 10-51 until 1303, then 
360° scans at 1719, 200-340, 200-345 
1MT146 1854:39 1958:10 200-345, 360° Scans 
1MT147 1958:38 2047:15 360° Scans 
1MT148 2049:00 2138:20 27-177, 360° Scans 
A low pressure center was situated over northeast Wyoming with a 
trough line extending north just east of Miles City. This trough line 
was progged to linger over the eastern half of the network during the 
mid-afternoon, and some large convection was expected to the east of it 
where low level moisture was plentiful. A significant short wave to our 
west will probably trigger convection north and west of us that might 
move into the operations area by late afternoon. Dew points were around 
55° at CHILL, but reached into the low 60's over the southeast portion 
of the P.AM network. The convective temperature of 88° was expected to be 
reached by 4 PM MDT. 
The convection that was to have developed west of us yesterday did, 
but later than was expected, and thunderstorms began at Miles City around 
0400. These storms continued to develop and move to the east, and CHILL 
began recording at 0841. CHILL was sectoring over a cell centered at 
270/42 that was moving to the NE. 
The storm moved quickly to the east, and was just about over CHILL 
by 0900. Maximum dBZ in this line reached 45 (line was oriented NE-SW). 
At 0905, light rain began to fall at the site, but the shower ended by 
0914 (the trailer didn't even get wet). By 0939:50 only one large cell 
was left with dBZ to 45; its location was 122/39 from CHILL, and its top 
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was 30000 ft. Weaker echoes curved to the north and west from the big 
cell, and another small cell was just west-northwest of CHILL at 0943. 
Negative values of ZDR were noted in a cell at 120/140 from CHILL at 0947 
(CHILL was taking slow and regular ZDR scans intermittently during this 
storm). Some feeder cells developed to the SW of the primary cell as it 
moved away from CHILL, and the T-28 and Citation were flying in this area 
around 1000. CHILL took RHI's along the 115° radial at this time to 
correspond with the T-28's flight path, and ceased doing this at 1019. 
The feeder cells continued to develop to the southwest of the core, 
located at the 110° radial (estimate)/50 km (estimate) at 1030. The T-28 
continued to make penetrations of this line until 1052. Maximum dBZ had 
decreased to 35 by 1035, and the storm was definitely winding down. CHILL 
ceased recording on this storm system at 1101:15. 
From 1208:15 to 1303:20, CHILL sector-scanned an area of light 
showers to the north of us, and noticed some negative values of ZDR in 
the lowest elevation at 1221. The King Air was making some passes through 
this region of light rain, and we shifted the sector to the east with time 
to follow the echoes and the plane (last sector from 10-51°, from 
1241-1303). 
CHILL went into a general surveillance mode, and was requested to be 
on a 15 minute standby, as more convection was expected to develop later 
in the afternoon. 
At 1719:50, CHILL once again went into a recording mode utilizing 
360° scans and going from 0.8 to 10° in 1° elevation steps. A new line 
of echoes was moving toward CHILL from the northwest. At this time, the 
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line was about 80 km away, and contained a maximum dBZ to 50. At 1747:28, 
the strongest core was located at 321/76 from CHILL, and the RHI gave us a 
cloud top of 40000 ft. By 1807, maximum tops were around 35000 ft at 326/66, 
so a slight decrease in intensity was noted. At 1820, CHILL began sector 
scanning from 200 to 340° with a 3 minute cycle time. 
CCOPE operations commenced at 1825:55 - CHILL scanned from 200-345 in 
12°/second scan rate from 0.4° to 10.4° in 1° elevation steps. The storm 
continued its ESE movement with time, and a possible region of low-level 
cyclonic motion (possibly tornadic storm) was detected by CP-2 at 325/30 
miles from them at 1930. (This storm would therefore be at 260/60 km from 
us at 1936, but would move to the south of CHILL.) A number of power 
failures at CHILL necessitated many clock resets, so times on the tapes 
1 MT 145 and 1 MT 146 are probably incorrect, especially from 1835-1954. 
At 1952, visual observation of the approaching line of storms revealed a poss 
VAULT north of us. The line of showers was oriented ENE-WSW at this time, an 
two separate VAULTS were detected by this observer at approximately 2000 
(first vaults visually observed this summer). It began to sprinkle at CHILL 
about this time, and, quickly, the rain intensified to a downpour by 2008. 
Loud thunder accompanied the rain. At 2001:33, the maximum cell was centered 
at 25/58 and contained dBZ to 50. Jay Miller informed that 50-55 dBZ 
reflectivities were located very close to CHILL at 2007 (we believed it). 
At 2013, 55 dBZ was directly overhead CHILL. The core seemingly moved 
directly over us, and a line of dBZ from 40 to 45 extended from CHILL to 
80 km northeast of CHILL. At 2024, a few pixels of 60 dBZ were detected 
just SSE of CHILL and defined the main core of this storm. Another core 
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to 50 dBZ existed at 50/42. By 2036, the strongest cells were centered 
at 64/55 (55 dBZ) and 90/15 (50 dBZ), and a decent region with dBZ 30-35 
was aligned from CHILL to 35 km east-southeast of CHILL. 
The velocity pattern revealed nice convergence in the cell centered 
at 64/55 around 2040. 
CHILL shifted its azimuth to 27-177 at 2047. At 2103, the echo at 
92/53 appeared to be the strongest on the scope - 50 dBZ were detected -
this cell is quite close to CP-3. This cell became oriented in a NW-SE 
manner in a thin line about 15 km long by 2110 (centroid: 98/67). This 
line extended from 66/78 to 115/73 at 2115 and had solid dBZ > 30 with 
cores 40 to 45 dBZ in a 15-20 km-wide line. By 2129, the strongest cell 
was located at 87/86, and contained pixels to 50 dBZ. Generally speaking, 
the line was not as intense overall as it had been, but the velocity 
field was interesting, in that a well-defined convergence zone was evident. 
CHILL "stooddown" at 2132:30 when the network became relatively echo-free. 
The big rain we experienced from 2000 to 2030 left us with 1.24" of rainfall 
in our official gauge, so this turned out to be one of our heaviest rains 
of the summer. 
As far as I can tell, very little hail was generated by this storm, 
and only localized strong surface winds were experienced (one PAM station 
measured 50 kt winds). One PAM station received 2.3 mm of rain in one 
minute (approximates a 6"/hr rainfall rate) from this squall line. 
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August 5, 1981 
TAPES ON OFF DATA COLLECTION MODE 
1MT149 1814 1931:25 120-270, 150-210 
1MT150 1932:24 1937:55 150-210 
A stable layer at 700 mb level was expected to hold convection to 
fair-weather Cu this afternoon over the operation area. Some congestus 
could form across the northern portion of the network by afternoon, as 
some Cb's are expected across northern Montana in response to a trough 
in southern Canada. A short-wave trough over SW Montana this morning was 
expected to move along the Montana-Wyoming border during the day, triggering 
convection well south of the radar network. No triggering mechanism seemed 
to be present over the operations area, although late evening storms were 
possible. 
CHILL was involved in a sector-scan mode from 120 to 270° and then 
from 150-210 during the period 1814-1937. CHILL was tracking a 
thin-line echo that was oriented W-E across the southern half of the scope 
and was perhaps 100 miles long. Maximum dBZ in this line was approximately 
5 throughout its existence. CHILL detected the band in the velocity field 
but not in P10 at 1840, and saw it in the P10 field at 1849. The Sabreliner 
was making passes through this line. 
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August 6, 1981 (Last day of the project) 
TAPES QN OFF DATA COLLECTION MODE  
1MT150 1527 1811:40 Numerous sectors E & S of CHILL 
1MT151 1812:28 1823 106-152 
A short wave trough over the operations region at 500 mb level would 
help to trigger some towering cumulus clouds and some light rain showers, 
according to Hartzell, during the early afternoon. However, as an upper 
ridge moved in by late afternoon, the activity was supposed to be shut 
down. The atmosphere was unstable this morning and moisture was sufficient 
for weak convection, and the convective temperature was expected to be reached 
i 
by noon. 
CHILL recorded in a sector scan mode from 1527 to 1823. A couple of 
cells developed north of CHILL and moved over us around 1550-1600 - we 
received 0.02" from this shower. This shower was noteworthy in 
that the Weather Service had forecast a 0% chance of precipitation (in fact, 
a local radio station gave that exact forecast at 1600) for this afternoon. 
CHILL was scanning from 10-65° at 1546, then shifted to 100-144 at 1618 and 
to 135-180° at 1626. The main cell of interest was centered at 159/46 at 
this time. As these storms continued to move to the SE, CHILL adjusted its 
sector to cover them. One of the better early storm studies of the project 
was conducted from 1530 to 1800, and involved the King Air, Citation, 
Queen Air N306A, Wyoming Queen Air and the Aero-Commander aircraft. In 
addition, a dual-polarization study was conducted in the shower that passed 
over us - CHILL and the Sabreliner coordinated that study, and that's 
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August 6, 1981 (Continued) -- 2 
exactly what we did from 1503-1650. Maximum dBZ in these storms were 
around 40, but most of the reflectivities were in the 25 to 35 dBZ range. 
( 
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APPENDIX B: Synopsis of Weather Conditions and Field Operations: 
Winter 1980-81 
The CHILL collected data in Western Michigan on 19 days in December 
1980 and January 1981. A brief summary of weather conditions and field 
operations are given for each of these days on the following pages. The 
summaries were expanded for three days which are considered to be 
potentially of greatest interest to the NEXRAD research and development 
effort. Synoptic-scale snow storms occurred on two of these days (2 December 
and 6 January). On the third day (16 January) a pronounced lake-induced 
snow storm, the most impressive one during the project, occurred only a few 
hours after a general region of light snow had moved through the experimental 
area. 
In the following weather summaries, locations are frequently referred 
to by 3-letter station designators. These are listed in the table below. 
3-Letter 
Identifier 
FNT 
SBN 
UIN 
SZL 
MKC 
PIA 
MKG 
GRB 
APN 
OSC 
MBS 
Location 
Flint, Michigan 
South Bend, Indiana 
Quincy, Illinois 
Whiteman AFB, Missouri 
Kansas City, Missouri 
Peoria, Illinois 
Muskegon, Michigan 
Green Bay, Wisconsin 
Alpena, Michigan 
Oscoda, Michigan 
Saginaw, Michigan 
3-Letter 
Identifier Location 
JXN Jackson, Michigan 
DEC Decatur, Illinois 
STL St. Louis, Missouri 
SSM Sault St. Marie, Michigan 
TVC Traverse City, Michigan 
COU Columbia, Missouri 
ORD Chicago, Illinois (O'Hare) 
OTM Ottumwa, Iowa 
OMA Omaha, Nebraska 
MKE Milwaukee, Wisconsin 
FWA Fort Wayne, Indiana 
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December 1-2, 1980 - Large-scale synoptic snowstorm 
At 12Z (7 AM EST), a cold front extended from 47°N 76°W south-
westward through lower Michigan-western Missouri on a FNT-SBN-UIN-SZL 
line. A low pressure center (central pressure 1002 mb) was located 
over Wichita, Kansas. This low center was associated with a well-defined 
(jet max and wind curvature) trough at 500 mb that had moved rather 
consistently eastward at 30 mi/hr during the previous 24-hour period. 
An isallobaric analysis revealed that pressure falls had occurred in OK, 
southeast KS and southwest MO, while pressure rises of 1.5 to 3 mb were 
noted over MI, WI, northeast IL, and northwest IN. Northeast surface 
winds had developed over southern IA and northern MO as the pressure gradient 
developed with respect to the low center (Figure B-1). 
By 18Z, the low center had moved to 50 mi south of Topeka, KS (1004 mb). 
Northeast surface winds extended to the Chicago region, and pressure falls 
of 1-2 mb were common along the frontal zone ENE of the low. The front 
had stalled over the line MKC-UIN-PIA-SBN (at noon, St. Louis reported 61°, 
Kirksville, MO, 39°). Southerly to southeasterly winds with dewpoints in 
the 40's and 50's were the rule south of the stationary front in M0, IL, 
and IN, while northeasterly winds with temperatures in the 30's and 40's 
and dewpoints in the upper 20's to upper 30's existed north of the front. 
Some rain was falling in southern IA, and light snow was falling in the 
cold air over SD and NE. Significant low-level convergence was evident, 
and upward vertical velocities and an increase in vorticity were supportive 
of a good precipitation band with this system as it moved eastward, tending 
to follow the thermal gradient at lower levels. 
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The storm center (1004 mb) was situated 50 miles east of Kansas 
City, MO, at 21Z. Rain covered southern Iowa and northern Illinois, while 
freezing rain fell over southern NE and northern KS. Snow continued over 
NE and most of SD. 
By 0Z (7 PM EST), the 500 mb trough axis extended from central SD 
through Dodge City, KS into the Texas Panhandle; at that time, the surface 
low was located over northeast MO (1007 mb). The storm's speed and direction 
from 12Z to 0Z was 25 mi/hr to the ENE. The trough aloft continued moving 
at 30 mph to the E. The jet max associated with the trough was 70 kt at 
North Platte, NE. This represented no change from the 12Z jet max (in terms 
of max wind associated with the trough). Snow, mostly light, was falling in 
a 300-mile band from Grand Island, NE to Rochester, MN. Light rain had 
begun over northern Illinois-Indiana. Winds had shifted to ENE at Muskegon, 
were NE at Flint, Chicago, Milwaukee, and South Bend, but remained from the S 
at Decatur, Lafayette, Indianapolis, and St. Louis, so low-level convergence 
was evident. Visibility was sharply reduced at half a dozen reporting 
stations (sky was obscured) due to snow and strong northerly winds. The 
largest 3-hour pressure fall occurred at Lafayette, IN (1.4 mb), while 3-hr 
pressure rises of 3 to 5 mb were common over Kansas, Nebraska and western 
Iowa (Figure B-1). 
The storm center moved rapidly to just east of Peoria, IL, by 03Z (10 PM). 
Snow had spread eastward to a Madison-Green Bay line, while rain continued 
over northern Illinois. Chicago and Milwaukee reported NE winds at 15 mph 
and light rain. The largest 3-hr pressure fall occurred at South Bend, IN 
(3.4 mb), and 2-3 mb falls prevailed over southeast WI, northeast IL, and 
southwest MI. MKG reported NE winds, a 1.5 mb 3-hr pressure fall, and cloudy skies 
with a temperature of 36°. 
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The rapidly moving storm moved to north-central Indiana by 06Z 
(1 AM EST). Light rain was falling over northern and central Indiana 
and eastern Michigan, while snow, some of moderate intensity, was occurring 
over a broad region extending from eastern portions of Minnesota and Iowa 
to extreme northeast lower Michigan. Snow had begun at Muskegon around 
2300 EST, although the midnight temperature was 34°F. Snow rate was 
increasing over the eastern half of Wisconsin (Madison and Green Bay's 
observers coded SNOINCR). By 09Z, the low center, now 1004 mb, had moved 
to just north of South Bend, IN. (The central pressure had fallen 3 mb 
during the preceding 6 hours.) Snow was falling over most of Wisconsin and 
Michigan although Flint still reported light continuous rain and a 
temperature of 38°F. Surface winds were generally from the north and northeast 
over Michigan (MKG had NNE winds at 10 kt). Sharpest pressure falls were 
occurring to the northeast of the low center, suggesting a NE track. 
Sharply colder air was plunging into the Nation's midsection, due to an 
arctic high pressure (1038 mb) centered over northern North Dakota. By 
12Z (7 AM EST), the low was centered in southeast Michigan, and its central 
pressure had deepened 2 mb in the past 3 hours to 1002 mb. Strong northerly 
winds (10-15 kt) were developing just behind the center over west Michigan, 
and northwesterly winds up to 20 kt covered the southern two-thirds of 
Wisconsin. Light continuous snow covered all but northwest Wisconsin and 
all but southeastern lower Michigan (Figure B-2). 
At 500 mb, the intense trough had deepened and had moved to a Rochester, 
MN - Little Rock, AR line. Maximum winds were recorded at Topeka, KS: 100 
kt; this represented an increase in the jet max of 30 kt from 0Z. SSW winds 
at 30-40 mph were occurring over Wisconsin and Michigan. The lowest height, 
5340 m, was centered over western Wisconsin. 
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At 850 mb, sharp cold air advection was just beginning in west 
Michigan. Green Bay, WI had fallen from -7 to -13°C (6° drop) in 12 hrs, 
and as the center of lowest heights, 1370 m, moved from southwest lower 
Michigan during the day, stronger northerly to northwesterly winds developed 
at MKG, advecting in the colder air positioned over the upper Midwest 
at 12Z Tuesday. The moist air extended back to western Wisconsin and 
western upper Michigan at 12Z. 
By 15Z, the low had deepened 2 more millibars (to 1000 mb) and had 
slowed its northeast movement considerably. It was now located 40 mi NE 
of Detroit. Moderate snow was falling at MKG, and lighter continuous snows 
covered north and west Michigan and eastern Wisconsin, as well as a large 
region north of 45° latitude in Canada. Muskegon's winds were NNW at 15 kt 
and were backing into the NW quadrant, indicating that the lake would 
get involved in the snow producing during the afternoon. Pressure rises 
of 3-4 mb were typical over Wisconsin, and 4-6 mb rises were occurring over 
Illinois, Indiana, and the eastern 2/3 of Missouri as the center of the high 
pushed into western Minnesota (1038 mb). A tight pressure gradient 
extended to westernmost Wisconsin, suggesting that high winds from the 
NW would continue all day and well into the nighttime hours over west 
Michigan. 
The low center deepened to 997 mb and was moving at approximately 25 mph 
to the NE by 18Z (1 PM). Northwest winds were occurring at MKG, along with 
light continuous snow. The snow had come to an end over most of Wisconsin, 
but most stations in Michigan still reported light continuous snow. Sharp pressure 
rises were occurring over eastern Wisconsin and western Michigan (3-4 mb and 
higher in localized regions of Indiana). The combination of the noteworthy 
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pressure jumps and NW wind over the lake usually are associated with 
lake-effect snow squalls and, long after it had quit snowing over most 
of Michigan, snow showers were occurring at SBN and MKG (synoptic snows 
wound down between 00Z and 03Z, but lake snows continued to 07Z). 
At 21Z, the low had deepened to 996 mb and had continued its slow 
movement to the northeast. A band of extremely heavy snow was oriented 
N-S across east-central lower Michigan. APN, OSC, MBS, and JXN all reported 
moderate or heavy continuous snow at 4 PM. The pressure had risen over 
5 mb at MKG between 1 and 4 PM, and strong snow squalls were affecting the 
shoreline - very heavy snow was falling during this period at CHILL. 
By 0Z, only light snow/snow showers remained over west Michigan as 
the low center accelerated its movement to the northeast. Moderate snow 
was still falling in northeast lower Michigan, but the storm was 
winding down for the most part over the state. 
A HISTORY OF LOW CENTER CHARACTERISTICS 
Average 
Speed 
Time of Low Pressure Range Change ( P) 
(mph) (mb) (mb) 
(Tuesday) 
00Z - 06Z 45 1007 - 1006 -1  
06Z - 12Z     26.7      1006 - 1002       -4     \ 
12Z - 18Z 15.5 1002 - 997 -5 \ 
18Z - 00Z 24.7 997 - 997 0 
(Wednesday)  
(see 00Z December 3, 1980 surface map for complete track of low across 
our area of interest (Figure B-2). 
Houghton Lake, MI, received 10" of snow from this storm, the most in the 
state. The storm center slowed and deepened 9 mb between 06Z and 18Z while 
the storm was passing through southern Michigan. 
Data Tapes: 1 and part of 2 Time: 1318-1600 
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December 3, 1980 - Light scattered (partially aloft) snowshowers 
A strong ridge of high pressure oriented N-S from 200 km northeast 
of Marquette, MI to Mattoon, IL dominated the weather over Muskegon. 
General surface pressures were measured around 1034-1035 mb. At 12Z 
MKG reported light ENE winds while MKE had light NW winds. Some light 
snowshowers were observed over the western shore of the lake, but most 
were aloft and not significant. 
Data Tapes: Last of 2 and 3 Time: 0849-1056 (EST) 
December 5, 1980 - Drizzle 
Pre-warm front conditions dominated the weather over Wisconsin and 
Michigan this day, as the warm front at 12Z extended from central Iowa 
to southwest Ohio. South of this line, southerly winds and warm conditions 
existed, while to the north of the line, cloudy skies with drizzle and 
east winds were the rule. At 7 AM, MKG reported light E winds with drizzle 
and a temperature of 32°F (0°C). 
Data Tape 4: Time: 0616-0726 
December 8. 1980 - Rain 
A cold front associated with a low center that had passed north of MKG 
about 250 km extended across a central Michigan - SBN-DEC-STL line at 12Z. Light 
continuous rain extended from just behind the leading edge of the cold air 
to 300 km behind the front, and it was this post-cold front precipitation 
that affected MKG (light rain). 
Data Tapes: 5-15 Time: 0638-1436 
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December 10, 1980 
Amplification of cold air over the upper Midwest in the form of a 
second cold front set off some scattered snow over Michigan. At 18Z, 
the cold front extended from just north of FNT, southwestward across Chicago 
to Ottumwa, IA. Strong westerly winds occurred at MKG this day. 
Data Tapes: 16-21 Time: 0600-1600 
December 11, 1980 
A very weak pressure gradient existed over the region this day, so 
the local lake breeze was able to dominate and light NW winds occurred 
at MKG. A high center (1027 mb) in Wisconsin and a low center (1020 mb) 
north of SSM helped somewhat to enhance a westerly component to the winds 
across eastern Wisconsin and Michigan. Below-normal temperatures dominated: 
MKG's 10 AM temperature was 16°, so the land-lake temperature difference 
was more than great enough for lake-effect snows to occur. 
Data Tapes: 22-24 Time: 0602-1221 
December 13, 1980 
A 1034 mb high situated over central Nebraska was the dominant 
feature at 15Z. Pressure rises of 4 mb or more existed behind a strong 
cold front that was pushing into the eastern seaboard - MKG pressure, for 
example, rose 4.4 mb between 7 and 10 AM. This region of sharp cold 
air advection extended, in a 400 km wide band, from northern Missouri 
northeastward across northern Illinois, central and southern Michigan, 
and northern portions of Indiana and Ohio. The pressure gradient was 
generally oriented N-S, so NW winds dominated over the upper Midwest and Ohio 
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Valley. Well-developed lake effect snowshowers were indicated at SBN, 
MKG, TVC, APN, and other locations bordering the lakes. Only light echo, 
with no banding evident, was detected. 
Data Tapes: 25-32 Time: 0554-1408 
December 14, 1980 
A cold front was pushing through southern Michigan at 12Z, and this 
front was associated with a well-defined pressure trough that extended from 
Lake Michigan eastward. MKG reported strong (20 kt) NW winds at 12Z, and 
sharp pressure rises ( 3 mb in 3 hrs) were noted across northern Wisconsin 
and northern Michigan. Echoes were noted to NE of CHILL moving south and 
some wave-like structure was detected in 2 of the longer bands. Most of 
the snowshowers appeared to be lake-effected. 
Data Tapes: 32-33 Time: 0703-0949 
December 15, 1980 
A weak trough of slightly lower pressure was moving across Lake Michigan 
into western Michigan, while a stronger synoptic disturbance was moving 
eastward through the Ohio Valley. Only light echo was detected, and it was 
mostly aloft and NE of CHILL, although a few echoes showed up over the lake. 
Data Tapes:34-35 Time 0605-0656 
December 16, 1980 
Colder air was moving into the region of interest, with all stations in the 
region of interest showing pressure rises of 1 to 3 mb from 12Z to 15Z. 
Light snow was occurring in a broken band from southern Wisconsin eastward 
across south-central lower Michigan. Lines of echoes were oriented over 
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the lake, and they basically stalled west of CHILL, although MKG did 
receive light snow this morning with NE winds less than 10 kt. North to 
northeast winds were predominant over the region of interest. 
Data Tapes:35-39 Time: 0554-1148 
Storm of 6 January 1981 
CHILL recorded data during the period 0610-1304. Lines of echoes in 
SW quadrant early were deemed to be non-lake effect and of possible interest 
to NEXRAD. 
UPPER AIR FEATURES: At 12Z January 5, the 850 mb map showed a cold 
trough that was oriented NNE-SSW from northern Manitoba through North Dakota 
and western South Dakota. Moderate to strong warm air advection was occurring 
across the mid- and upper-Mississippi Valley in advance of the trough as WSW 
to SW winds dominated over this region. 
By 0Z, this trough moved to a line defined as extending through eastern 
MN, northwest IA, eastern NE. Moist conditions existed ahead of and behind this 
trough, and the jet max was 50 kt at GRB. Height falls were occurring all 
across southern Canada and the central and north US in response to the 
advancing short wave at 500 mb associated with a cold closed low centered 
at 60°N 90°W. This cold pool of air was moving SSE. In advance of the 
trough, which lay across northwest ND thru southeast MT and WY, moist conditions 
existed across the Great Plains. Moist conditions also existed across the 
southern tier of states in the subtropical jet so no shortage of moisture 
was apparent at all levels across the Plains into the upper- and mid-Mississippi 
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Valley. By 12Z the cold low had shifted to 55°N 89°W, with the trough 
situated across east-central MN, central NE, and northwest KS. Moist 
conditions continued to exist in conjunction with this trough. At 850 mb, 
a well-developed trough extended from southern Ontario through central WI, 
central IA, western MO, and central OK. Moist conditions existed ahead of 
and behind the trough axis approximately 350 miles. The trough axis shifted 
east of MKG by 0Z and cold air advection began over Wisconsin and Michigan 
SURFACE FEATURES: At 0Z Tuesday, January 6 (Monday 7 PM), southerly 
surface winds were the rule over the mid- and upper-Mississippi Valley and 
the Ohio Valley (MKG: SSW winds at 10 kt). A warm front extended from northern 
Minnesota thru central Nebraska, while a cold front was pushing down from 
southern Canada to just north of ND-MN. By 06Z, the warm front was reanalyzed 
as a trough, since the air temperatures on either of the trough were 
indistinguishably different, but a clear wind shift was obvious (south 
winds ahead, NW winds behind). The cold front, designated 450 (moderate 
intensity), had pushed into central MN-ND. Some light snow had broken out 
in WI in advance of the system, and some freezing rain was falling in 
eastern MO (COU-STL) and western IL (UIN) (Fig. B-3) . At 12Z, the trough line extended 
from eastern WI thru southeast IA, northwest MO, eastern KS, and central OK, 
and the cold front had pushed into northwest Wisconsin and southern Minnesota. 
A strong pressure jump was occurring behind this front as a cold high pressure 
area was pushing southeastward from western Canada. Snow and some freezing 
rain was falling over IL, WI, MN, MI, IN (MKG was reporting light continuous 
snow with SSW surface winds and a temperature of 27°F). By 18Z, the trough 
had pushed to MKG-ORD-STL, and the cold front had reached a GRB-OTM-OMA 
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line. Snow extended 300 miles in advance of the cold front across the upper 
Midwest. MKG was receiving light continuous snow and had received 1 1/2" of snow 
since 9 AM. The cold front passed thru MKG between 4 and 5 PM EST, since 
the winds shifted to the NW by OZ Wednesday. MKG was still receiving 
light continuous snow, as the front was only approximately 60 miles east of 
the station at OZ. 
One unusual feature of this snow was the general southerly winds that 
occurred during the storm. No well-developed low center played a role in 
this precipitation event, but the air was cold enough in advance of the 
well-developed trough that snow instead of rain was the dominant precipitation type. 
Data Tapes: 42-48 Time: 0610-1304 
January 7, 1981 
Strong NW winds existed over MKG and the upper Ohio Valley in the 
wake of the cold front that passed through MKG late afternoon of the 6th. 
Surface temperatures hovered near 10°F during the data collection period. 
Pressure rises of 1 mb/hr were typical during the evening and early morning 
of the 7th. Lake-effect bands, both wind and shore parallel, occurred, 
with the largest band offshore. With the strong winds and cold temperatures, 
this turned into a good lake-effect period. 
Data Tapes:49-56 Time: 0204-1206 
January 8, 1981 
A weak zone of convergence formed over Lake Michigan this morning 
between 2 regions of high pressure (centers in SE Minnesota and central 
Ohio). By 10 AM, a trough was detected over the Lake in a N-S orientation, 
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and snowshowers associated with this trough were occurring at MKG and 
SBN. Very cold air continued to dominate the region, aiding any triggering 
mechanism that moved through. This snow actually occurred over MKG under 
a light southerly wind field. 
Data Tapes:57-60 Time: 0610-1116 
January 9, 1981 
Echoes maximized over the lake in early morning (1-2 AM), then 
weakened as a trough to the northwest moved over MKG around 7 AM. Westerly 
winds existed at MKG during the period, and trace amounts of snow fell. 
Only a very weak pressure gradient existed over MKG, although some packing 
occurred in the isobar pattern across upper Michigan and upper lower 
Michigan. Most snow echoes occurred in the SE quadrant of CHILL's scan, 
and dissipated by mid-morning. 
Data Tapes:61-65 Time: 0030-1012 
January 9-10, 1981 
A 1040 mb high in southeast North Dakota was the dominant weather 
feature, while 2-3 mb pressure rises in 3 hours were common during the early 
evening of the 9th. Surface winds were generally out of the NW, and snowshowers 
were reported at TVC, MKG, and SBN at 03Z (10 PM). A weak trough of low pressure 
passed thru MKG between midnight and 3 AM - this helped to sustain snowshowers 
in west Michigan until early day light on the 10th. Most echoes were on the 
weak side and were situated over and south of CHILL. Very cold air dominated 
the region (14° at 1 PM on 9th and 12° at 7 AM on the 10th at MKG). A low of 
7° was recorded at CHILL, and drifting of snow was significant. 
Data Tapes: 65-69 Time: 2057-0835 
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January 11, 1981 - R.B. declared this to be "the best case so far" 
A 1045 mb high centered over the 4-corner region of South Dakota-
Minnesota-Nebraska- Iowa was the dominant feature, while very cold temperatures 
continued over Michigan. At 10 AM, MKG had a temperature of 7°F with NE winds. 
One interesting feature in the pressure pattern was the existence of a weak 
mesolow over southern Lake Michigan (at 10 AM, west winds at MKE, NE winds 
at MKG, NW winds at ORD). The lowest pressures in the entire region were 
at MKG and SBN (region around the mesolow). By 18Z (1 PM) light snow was 
occurring over SBN and FWA and a band oriented N-S was situated over the 
lake - this band was what RB called 'the best case', as it was in dual-doppler 
range and was easily flown by the aircraft. 
Data Tapes: 70-73 Time: 1039-1503 
January 15, 1981 - Synoptic-Induced Snow (not a great NEXRAD case, however) 
A well-defined short wave and general low pressure over Michigan 
combined to produce measurable snow over the region. At 12Z, the 500 mb 
trough was oriented on a ENE-WSW line extending from Lake Superior through 
central Minnesota to the North Dakota-South Dakota border. No real pressure 
gradient existed over Michigan during data collection, and as a result, 
winds were light and variable. This was not lake-effect snow, but it wasn't 
a particularly exciting synoptic case, either, so operations were terminated 
by 1 PM. 2 to 3" of snow fell at CP-4, while 1 to 2" fell at CHILL. 
Data Tapes; 74-78 Time: 0625-1301 
(Analysis of this day limited since no facsimile products were available.) 
January 16, 1981 - Aft. Line Called "Best of Project" by Jim Wilson at CP-4 
A 1041 mb high situated over the South Dakota-Nebraska region this 
morning was the dominant feature over the Midwest, while a weak low center 
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(1017 mb) centered over easternmost lower Michigan supported continuing 
snow across the northeast U.S. (Fig. B-4). As the low center moved east 
during the morning, the winds picked up over west Michigan, and good 
lake-effect snow regions developed. A particularly impressive line, oriented 
NNE-SSW over the lake during the morning, maintained its identity and reached 
the shoreline by mid-afternoon. The sun was out at CHILL from approximately 
10 AM to 2 PM (after the light general snow ended but before the lake-effect 
snow occurred). It appears that cold air advection and resultant pressure 
rises over the lake during the day aided in maintaining the snow squall 
zone as it moved slowly to the ESE. Two separate missions were flown 
(light general snow and lake-effect snow studies), and dual doppler data 
were collected during the afternoon snow squall zone period (1600-1815). 
Data Tapes: 79-84 Time: 0627-1815 
Figure B-1. Surface weather maps for 12Z, December 1 and 00Z, December 2, 1980. 
Figure B-2. Surface weather maps for 12Z, December 2, and 00Z, December 3, 1980. 
Dashed line indicates track of the center of the low pressure area. 
Figure B-3. Surface weather maps for 09Z and 15Z, January 6, 1981. 
Snow area is shaded. 
Figure B-4. Surface weather map, 12Z, January 16, 1981. 
Snow area indicated by shading. 
